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INTRODUCTION

This manual serves as a user guide for the FIES II system. This includes
a brief discussion of the background and scope of the project, a
discussion of basic and advanced operating installation and problem
determination procedures for the FIES II system and information on
hardware and software design and implementation. The final part of the
document consists of a number of appendices including a detailed
specification for the microprocessor software, a detailed description of
the expert system rule base and a description and listings of the LISP
interface software.

Martin Marietta has expended considerable effort researching and
developing AI technologies appropriate for the automated management of
spacecraft power systems.

The first FIES (Fault Isolation Expert System) program, conducted under
IR&D funding, demonstrated the applicability of expert systems to fault
isolation and detection in space-based power systems.

The EMES (Energy Management Expert System) program, conducted under CR&D
funding from MSFC, demonstrated that an expert planning system is capable
of load management in spacecraft power distribution systems under both
normal and degrading conditions.

While these projects provided proof of the concept that expert systems
technology may play an important role in power system automation, neither
of the above systems addressed the critical issues of performance of the
expert systems themselves or the continuous operation that are key
requirements for expert systems that play a role in an actual energy
management system that integrates both traditional hardware and software
based control strategies as well as expert systems based control
strategies.

The FIES II program, conducted under CR&D funding from MSFC, has begun to
address these requirements.

For FIES II, a breadboard which models the essential power components in
a space based power system was constructed. The breadboard allowed MMC
to drive a FIES system in .a real time, hardware based simulation
environment.

The following describes the hardware and software used for FIES II.
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FIES hardware is divided into three major subsystems. The first is the
Breadboard which contains solar array simulators (power supply modules),
batteries, network configuration relays, 1load simulation modules,
measurement networks, and control logic. These components may be
configured into a power subsystem (also referred to as a power network)
manually at the Bread Board Fault Insertion Panel, via keyboard entry at
the Microprocessor Terminal, or through the Graphics/Mouse Interface on
the SYMBOLICS Terminal. Four fault types are  supported and may be
inserted via the Bread Board Front Panel Fault Insertion switches. The
fault types include:

“opened relay' - which interrupts current through some point
in the power subsystem,

“closed relay' - which allows fault current to flow to some
point in the power subsystem,

‘resistive shunt'

which causes excessive current drain ( 1-2
amperes) at some point in the power
subsystem, and

"direct shunt' - which causes an infinite current sink at
some point in the power subsystem that is
limited only by the current sourcing
capability of the power modules.

The second major hardware subsystem is the Microprocessor. The Sensor
Data Acquisition Schedule (SDAS) which is located on the microprocessor
provides an operating system for managing and monitoring the Bread Board
Subsystem. A bit oriented memory map allows individual control over the
network configuration relays. Writing a 1' to the corresponding memory
bit forces a relay contact closure and writing a 0' forces the relay
contacts open. In this way, various power networks can be dynamically
configured for evaluation and demonstration of the fault 1isolating
capabilities of FIES.

The Microprocessor provides hardware for monitoring the voltage and
current levels at 24 sensor node locations in the power subsystem. It is
also equipped with added I/O capabilities for interfacing to the Bread
Board Front Panel, the Monitor Terminal, and the SYMBOLICS machine.

The third hardware subsystem 1is the SYMBOLICS LISP machine. The
SYMBOLICS provides the processing environment for the Expert System
software, which is an extension of the Automated Reasoning Tool (ART).
Graphic capabilities supported by the SYMBOLICS terminal provides a user
environment that is easy to master.
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The FIES II software is divided into three main subsystems (or layers).
The layer closest to the Bread Board is the Sensor Data Acquisition
Scheduler (SDAS) whose task 1is to coordinate the activities of the
microprocessor. These activities include controlling the Bread Board
hardware, monitoring the sensor measurement nodes for steady or fault
states, and handling communications with the SYMBOLICS.

The middle layer, the Expert System Communications Interface, resides on
the  SYMBOLICS. Its activities 1include communicating with the
microprocessor, supervising the sensor 1load network configuration,
managing the sensor 1load measurement data, interacting with human
operators, and interfacing to the Expert System.

The outermost layer is the Expert System itself. Its activities include
interacting with the Expert System Interface and hypothesizing the source
of faults manually introduced via the Fault Insertion Panel on the Bread
Board.
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2.0

TUTORIAL: & SIMPLE EXAMPLE

Overview

This section provides a programmed instruction approach to
operating the FIES II system. A new user should be able to
successfully execute all the instructions in the sequence prior
to attempting to use the more sophisticated options provided . by
the system. Upon completion of the instructions, the user
should have a basic understanding of how to operate the FIES II
system. This tutorial is presented in 3 phases, hardware
initialization, software initialization, and runtime. For each
of the phases there is a flow chart in Appendix A keyed to the
following text. Where appropriate, nodes in the flow chart
reference graphic displays that are copies of what an operation
should produce at each step in the sequence.

Hardware Initialization

Steps 2.1.1 thru 2.1.4 are concerned with correct initialization
of the hardware.

2.1.1 Power up the breadboard. This 1is accomplished by
.throwing the main circuit breaker on the breadboard front
panel to the '"ON'" position.

2.1.2 Ensure that all faults have been removed from the
network. This implies that none of the 48 relay switches
are toggled up or down. Ensure that the operating
constraints detailed in chapter 6 are in effect.

2.1.3 Verify that the microprocessor operating system has
completed self test. Operating system load and self test
will occur automatically when the breadboard is powered
on. Successful completion is verified by the presence of
a -' prompt on the microprocessor terminal.
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2.1.4 Boot the Symbolics processor. This is accomplished by
entering: logout «<return> then: halt machine «<return»>.
At this time the system will prompt for input. Enter
boot art.boot <RETURN>. Booting the system will take
about 3 minutes. Verify that the boot sequence has
completed by observing the 'please login message" on the
terminal.

2.2 Software Initialization

Steps 2.2.1 thru 2.2.9 are concerned with correct initialization
of system and application software.

2,2.1 Enter "SDAS.EXE" at the microprocessor terminal. The
system should not respond in any way.

2.2.2 Turn the switch on the front panel of the breadboard to
self test. This should result in a sequence of relay led
configurations displayed on the breadboard.

. 2.2.3 After observing the '"self test completed" message on the
breadboard status display, return the front panel switch
to reset.

2.2.4 After observing the '"system has been reset' message on
the breadboard status display, turn the front panel
switch to slave mode. Verify that the status display
reads "SYMBOLICS MODE".

2.2.5 At the Symbolics terminal enter (login 'fieg=- .-

production). This will cause the interface software to
be loaded. If the *MORE* message appears at the bottom
of the terminal, simply depress the space bar.

2.2.6 Enter ART by depressing the SELECT key, waiting 2-3
seconds and then entering A. Verify that you are in the
ART command window, more recent versions of ART go to the
next step (clear) automatically.

2.2.7 In response to the = > prompt in the ART command window,
enter ''clear'". Verify that the system clears. If no
prompt is visible after a clear, depress <RETURN>.
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2.2.8

2.2.9

2.3.0

In response to the = > prompt in the ART command window,
enter '"load". The system will respond by prompting for a
file name. Enter c: > fies-art-production>
load-fies.lisp. Observe that the entire system is loaded
by watching that rules compile as they are loaded. This
will take about 5 minutes. Upon completion the system
should display the = > prompt.

In response to the = > prompt enter reset. The system
will initialize the ART schemata and database. This will
take about 3 minutes.

Initiate Runtime

Sections 2.3.1 thru 2.3.10 describe the steps taken to run a
fault isolation case.

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

09491/1522¢

In response to the = > prompt in the ART command window
enter '"run'". The system should transfer control to the
LISP interface schematic display.

Position the mouse to the middle of the display and click
once on the middle button. This should result in a pop
up menu.

Position the crosshair cursor to the  RETRIEVE
CONFIGURATION option in the menu. Observe that a box
appears around the option. Now click on the left mouse
button.

A window should now appear at the top of the screen. In
response to the 'enter file name" prompt type in
msfc-demo-1.cnf and hit return.

Observe that the configuration stored in the above file
has been loaded into the LISP interface schematic display.

Click on the middle mouse button, resulting in the pop up
menu. Now select the download configuration option and
click left on the mouse.



2.4

2.3.7

2.3.8

2.3.9

Watch the Fies interface status display. When the
message in the display reads "I/O wait: fault data" you
may insert a fault in the breadboard.

Ensure that the second shunt type switch is toggled down
to direct. Then toggle the relay numbered 23 down. This
introduces a direct short on the path leading from power
module 2 to the low power bus.

The microprocessor will then transfer the faulted state
to the LISP machine. Following this data transfer,
control will be passed to ART. ART will run the FIES
application. Typical times for this will be between 1.5
and 4 minutes.

Repeated Runs

It 1s not necessary to complete the entire sequence described
above for every fault isolation run. Once the ART application
has been loaded (step 2.2.8) there is no need to reload it. The
procedure for a repeated run 1is to begin with step 2.2.9,
continuing through section 2.3.9 until completion.
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3.0

- SYSTEM VERSIONS

Overview

MMC has provided two FIES II systems. The first of these
systems is called the production version. This system operates
in near-real time mode. For this reason, the production version
offers no explanation facility beyond that of the screen that
displays fault types and locations. The second of these systems
is called the interactive system. Here the user can examine the
behavior of the LISP interface and the sort runtime environment
through a variety of switches available through both LISP and
ART.

Production Version

The operating instructions for the production version appear
below. These steps are represented graphically by the flowchart
for the production version which appears in Appendix A.

3.1.1 Hardware Initialization

Steps 3.1.1 thru 3.1.4 are concerned with correct
initialization of the hardware.

3.1.1.1 Power up the breadboard. This is accomplished
by throwing the main circuit breaker on the
breadboard front panel to the "ON'" position.

3.1.1.2 Ensure that all faults have been removed from
the network. This implies that none of the 48
relay switches are toggled up or down. Ensure
that the operating constraints detailed in
chapter 6 are in effect.

3.1.1.3 Verify that the microprocessor operating system
has completed self test. Operating system load
and self test will occur automatically when the
breadboard is powered on. Successful completion
is verified by the presence of a -' prompt on
the microprocessor terminal.

11
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3.1.1.4

Boot the Symbolics  processor. This is
accomplished by entering: logout <return> then:
machine halt <return>. At this time the system
will prompt for input. Enter boot art.boot
<(RETURN>. Booting the system will take about 3
minutes. Verify that the boot sequence has
completed by observing the ‘'"please login
message'" on the terminal. .

3.1.2 Software Initialization

09491/1522g

Steps 3.1.2.1 thru 3.1.2.9 are concerned with correct
initialization of system and application software.

3.1.2.1

3.1.2.2

3.1.2.3

3.1.2.4

3.1.2.5

3.1.2.6

Enter ""SDAS .EXE" at the microprocessor
terminal. The system should not respond in any
way.

Turn the switch on the front panel of the
breadboard to self test. This should result in
a sequence of relay leds configurations
displayed on the breadboard.

After observing the 'self test completed"
message on the breadboard status display, return
the front panel switch to reset.

After observing the ‘'system has been reset"
message on the breadboard status display, turn
the front panel switch to slave mode. Verify
that the status display reads ''SYMBOLICS MODE".

At the symbolics terminal enter (login 'fies—*

production). This will cause the interface
software to be loaded. If the *#MORE* message
appears at the bottom of the terminal, simply
depress the space bar.

Enter ART by depressing the SELECT key, waiting
2-3 seconds and then entering A. Verify that
you are in the ART command window more recent
versions of ART go to the next step (clear)
automatically.
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3.1.3
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3.1.2.7

3.1.2.8

3.1.2.9

In response to the = > prompt in the ART command
window, enter '"clear'". Verify that the system
clears. If no prompt is visible after a clear,
depress <RETURN>.

In response to the = > prompt in the ART command
window, enter '"load". The system will respond
by prompting for a file name. Enter the string

C: > fies-art-production> load-fies.lisp.
Observe that the entire system is loaded by
watching that rules compile as they are loaded.
This will take about 5 minutes. Upon completion
the system should display the = > prompt.

In response to the = > prompt enter reset. The
system will 1initialize the ART schemata and
database. This will take about 3 minutes.

Initiate Runtime

Sections 3.1.3.1 thru 3.1.3.9 describe the steps taken to
run a fault isolation case.

3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.4

In response to the = > prompt in the ART command
window enter 'run'. The system should transfer
control to the LISP interface schematic display.

Position the mouse to the middle of the display
and click once on the middle button. This
should result in a pop up menu.

Position the crosshair cursor to the RETRIEVE
CONFIGURATION option in the menu. Observe that
a box appears around the option. Now click on
the left mouse button. Alternatively the user
may enter a configuration by mousing on the
desired relays. If this is done the user may
skip step 3.1.3.4.

A window should now appear at the top of the
screen. In response to the "enter file name"
prompt type in the name of the desired
configuration file.

13



3.1.4
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3.1.3.5

3.1.3.6

3.1.3.7

3.1.3.8

3.1.3.9

Observe that the configuration stored in the
above file has been 1loaded 1into the LISP
interface schematic display.

Click on the middle mouse button, resulting in
the pop up menu. Now select the download
configuration option and click left on the mouse.

Watch the Fies interface status display. When
the message in the display reads "I/0 wait:
fault data" you may insert a fault in the
breadboard

Insert the required fault in breadboard.

The microprocessor will then transfer the
faulted state to the LISP machine. Following
this data transfer, control will be passed to
ART. ART will run the FIES application.
Typical times for this will be between 1.5 and 4
minutes.

Repeated Runs

It is not necessary to complete the entire sequence a
described above for every fault isolation run. Once the
ART application has been loaded (Step 3.1.2.8) there is
no need to reload it. The procedure for a repeated run
is to begin with step 3.1.2.9, continuing through section
3.1.3.9 until completion.

14



3.2

Interactive Version

Operation for the interactive model 1is described in the
following section. This version allows the operator to step
through the runtime system, examining steady state and faulted
data, as they are received by the LISP interface, setting up ART
runtime options and finally controlling the execution of the ART
application. .

In general, the operation is very similar to the operations
described in the tutorial. The major differences are the
directory from which the applications 1is 1loaded and the
availability of ART options during runtimes.

The operating instruction for the interactive version appear
below. These steps are represented graphically by the flowchart
for the interactive version in Appendix A.

-3.2.1 Hardware Initialization

Steps 3.2.1.1 thru 3.2.1.4 are concerned with correct
initialization of the hardware.

3.2.1.1 Power up the breadboard. This 1is accomplished
by throwing the main circuit breaker on the
breadboard front panel to the "ON'" position.

3.2.1.2 Ensure that all faults have been removed from
the network. This implies that none of the 48
relay switches are toggled up or down. Ensure

that the operating constraints detaile in
chapter 6 are in effect.

3.2.1.3 Verify that the microprocessor operating system
has completed self test. Operating system load
and self test will occur automatically when the
breadboard is powered on. Successful completion
is verified by the presence of a '"-' prompt on
the microprocessor terminal.

15
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3.2.1.4 Boot the symbolics  processor. This is
accomplished by entering: logout <return> then:
halt machine. At this time the system will
prompt for input. Enter boot art.boot
<RETURN>. Booting the system will take about 3
minutes. Verify that the boot sequence has
completed by observing the ‘'please login
message' on the terminal.

3.2.2 Software Initialization

09491/1522g

Steps 3.2.2.1 thru 3.2.2.9 are concerned with correct
initialization of system and application software.

3.2.2.1 Enter "SDAS .EXE" at the microprocessor
terminal. The system should not respond in any
way.

3.2.2.2 Turn the switch on the front panel of the
breadboard to self test. This should result in
a sequence of relay leds configurations
displayed on the breadboard.

3.2.2.3 After observing the 'self test completed"
message on the breadboard status display, return
the front panel switch to reset.

3.2.2.4 After observing the 'system has been reset"
message on the breadboard status display, turn
the front panel switch to slave mode. Verify
that the status display reads "'SYMBOLICS MODE'".

3.2.2.5 At the symbolics terminal enter (login 'fies-:
interactive). This will cause the interface
software to be loaded. If the *#MORE* message
appears at the bottom of the terminal, simply
depress the space bar.

3.2.2.6 Enter ART by depressing the SELECT Lkey, waiting
2-3 seconds and then entering A. Verify that
you are in the ART command window (more recent
versions of ART go to the next step (clear)
automatically).

16



3.2.3
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3.2.2.7

3.2.2.8

3.2.2.9

Initiate

Sections
to run a

3.2.3.1

3.2.3.2

3.2.3.3

3.2.3.4

In response to the = > prompt in the ART command
window, enter 'clear". Verify that the system
clears. If no prompt is visible after a clear,
depress <RETURN>.

In response to the = > prompt in the ART command
window, enter '"load". The system will respond
by prompting for a file name. Enter the string
C: > fies-art-interactive) load-fies.lisp.
Observe that the entire system is 1loaded by
watching that rules compile as they are loaded.
This will take about 5 minutes. Upon completion
the system should display the = > prompt.

In response to the = > prompt enter reset. The
system will initialize the ART schemata and
database. This will take about 3 minutes.

Runtime

3.2.3.1 thru 3.2.3.10 describe the steps taken
fault isolation case.

In response to the = > prompt in the ART command
window enter '"run". The system should transfer
control to the LISP interface schematic display.

Position the mouse to the middle of the display
and click once on the middle button. This
should result in a pop up menu.

Position the crosshair cursor to the RETRIEVE
CONFIGURATION option in the menu. Observe that
a box appears around the option. Now click on
the left mouse button. Alternatively the user
may enter a configuration by mousing on the
desired relays. If this is done the user may
skip step 3.3.4.

A window should now appear at the top of the
screen. In response to the '"enter file name"
prompt type in the name of the file and hit
return.

17



3.2.4
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3.2.3.5 Observe that the configuration stored in the
above file has been 1loaded 1into the LISP
interface schematic display.

3.2.3.6 Click on the middle mouse button, resulting in
the pop up menu. Now select the download
configuration option and click left on the
mouse. After the configuration has been loaded
and the steady state table returned to the LISP
interface, the user may examine the steady state
data using the EXAMINE STEADY STATE menu option.

3.2.3.7 Watch the Fies interface status display. When
the message in the display reads "I/O wait:
fault data" you may insert a fault 1in the
breadboard

3.2.3.8 Insert the required fault into the breadboard.

3.2.3.9 The microprocessor will then transfer the
faulted state to the LISP machine. The user may
then examine the faulted state, wusing the
EXAMINE Breadboard data menu option.

3.2.3.10 The user may now set up the ART runtime
environment. This is accomplished by clicking
on "WATCH" in the ART ROOT MENU and selecting 1
or more of the rules, facts, goals, agenda,
activations, statistics and dribble options.
Then click twice on the middle mouse button to
return to the ROOT menu. Now click on "RUN" to
start the application.

Repeated Runs

It is not necessary to complete the entire sequence as
described above for every fault isolation run. Once the
ART application has been loaded (Step 3.2.2.8) there is
no need to reload it. The procedure for a repeated run
is the begin with step 3.2.2.9, continuing through
section 3.2.3.10 until completion. If any of the WATCH
options have been turned on, the user should turn them
off prior to the reset command. Failure to do so will
cause errors in the interface between LISP and ART.

18
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4.0

LISP INTERFACE OPTIONS

Overview

This section provides a description of the options available in
the LISP interface. It is anticipated that these options will
be primarily used in conjunction with the interactive version of
the FIES system.

Structure

Options are provided through a menu system. The menu system is
only one level deep, that is, the only option available to a
user after selecting and executing an option from the main menu
is to return to the main menu.

Options

The following options are available through the menu system.
Each of the options is described below.

4.2.1 Download Configuration

This option is used to download a configuration to the
microprocessor prior to a run. The configuration is
specified either by using the RETRIEVE CONFIGURATION menu
option to load a previously saved configuration into the
display or by clicking the required relays off or on
using the mouse.

4.2.2 Retrieve Configuration

This option is wused to 1load a previously saved
configuration into " the display from the
fies-library-directory. Upon clicking left on this menu
item the user should observe a window at the top of the
screen. The window may be exited by using the ABORT key.

Once the window is visible, type in the name of the file

corresponding to the desired configuration. After the
name is entered, hit ¢RETURN>. The window should

20
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4.2.3

4.2.4
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disappear and the wuser should observe that the
configuration has been loaded into the display. If the
file does not exist the message '"file does not exist"
will appear in the FIES Interface Status window.

At this point the user will be reprompted for the file
name. Use the ABORT key to exit the window or reenter
the file name. In order to view all saved
configurations, the user should use the LISP machine file
system. This is accomplished by the following steps:

1) SELECT F
2) Click left on TREE EDIT ANY Option
3) Enter c:fies > fies-library > *.%. %

The user should maintain this directory using commands
native to the LISP environment. These commands are
discussed in the ZMACS edit manual.

Archive Configuration

This option is used to store a configuration that is
currently loaded in the display into a file in the
fies-library directory.

After selecting this option, the user should observe a
window at the top of the display. Enter the name of the
file in which the configuration is to be stored and hit
<RETURN>. If the file already exists the message "File
exists" will appear in the FIES Interface status window.
In this case, the user will be reprompted for a new file
name. Enter the new file name or use the ABORT key to
exit the window.

While any naming conventions may be used, it is suggested
that a common extension such as '".cnf'" be employed. This
is the extension use for MMC provided configuration
files. A directory name need not be entered, as the
default will be to store the files in c¢: > fies »
fies-library.

Examine Steady State Data

This option allows the user to examine the state of the
breadboard following a download and the subsequent
transmission of the steady-state table to the LISP
machine. To return from the steady state window display,
the user should click the middle mouse button and select
the option "RETURN TO PREVIOUS SCREEN".

21



4.2.6

4.2.7
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Examine Breadboard Data

This option may only be used in the interactive version
of the system. The option allows the user to examine the
state of the breadboard following fault insertion and the
subsequent transmission of the fault table to the LISP
machine. To return from the breadboard window display,
the user should click the middle mouse button and select
the option "RETURN TO PREVIQUS SCREEN".

Art Command Window

This option is only useful in the interactive version of
the system. Typically, it is wused following a
configuration download steady state transmission, fault
insertion and fault state transmission. It allows the
user to transfer control to ART after reviewing the data
(i.e. using examine steady state or examine breadboard
data command options).

If the option is used in any other sequence, result of
the ART run will be meaningless since ART is expecting a
fault state data input.

QUIT

This option allows the user to exist the interface and
return to the LISP LISTENER.

22
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INSTALLATION

5.0 Overview

This section details the steps necessafy to install the FIES
software. Installation includes microprocessor, LISP machine
interface and expert system software.

5.1 Microprocessor Installation

5.1.1

Ensure that the IRMX operating system has been correctly
installed. This may be accomplished by booting the
microprocessor and observing that the microprocessor self
confidence test runs to completion.

5.1.2 Use the backup utility to load the FIES microprocessor
software from the 8" floppy disk to the winchester.

5.1.3 Enter "SDAS.EXE" from the microprocessor console.. If
there is no response, the system is functioning normally.

5.1.4 Further microprocessor software verification test
procedures may be found in the test and demonstration
plan document.

5.2 Lisp Machine Interface Software Installation

5.2.1 Mount the cartridge tape containing the FIES system in
the tape drive.

5.2.2 Create the following directories:
1) c: > fies
2) c¢: > fies » fies-library
4) c¢: > fies > fies-art-production
5) c¢: > fies > fies-art-interactive

5.2.3 From the Symbolics terminal, enter the file system editor

09491/1522g

by entering SELECT F.
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5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

5.2.10

5.2.11

5.2.12

5.3 Expert

5.3.1
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Click the mouse left on Local File Maintenance option in
the File System editor command window.

Click the mouse left on the Reload/Retrieve option in the
command window.

Enter the following pathnames into the options window:
1) c: > fies > % %%

2) c¢: > fies > fies-library *.¥% *

3) c: > fies > fies-test-library *.*.*

4) c: > fies > fies-art-production *.%.*%
5) c¢: > fies > fies-art-interactive *.* *

Click left on the Reload all option in the options window.

Click left on DO IT in the options window.

Observe that the files have been 1loaded 1into the
appropriate directories

From the Lisp Listener, enter (logout).

From the Lisp Listener, enter (login 'fies). Observe
that the FIES Interface software 1s loaded. into the
system.

Further LISP interface software verification procedures
may be found in the test and demonstration plan document.

System Installation

Installation of the expert system application 1is
accomplished at the same time the LISP machine interface
software is installed.
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CHAPTER 6
OPERATING CONSTRAINTS
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6.

6.

6.

0

2

OPERATING CONSTRAINTS

This chapter details operational constraints  for the
breadboard. These conditions must be in effect at runtime for
the conclusion of a successful demonstration. Section 6.4
presents a Breadboard Readiness checkout procedure.

Constraints
Sink - Source relationships

The sum of the amperages drawn by sinks (loads) in the system
must be less than or equal to the sum of amperages supplied by
sources (solar arrays and batteries in the system). Each solar
array is capable of providing approximately 1.8 amps. A battery
is considered to be capable of safely providing .5 amps to the
system. Hence the configuration in example 6-1, which draws
3.74 amps is permissible, while the configuration in example
6-2, which draws 4.84 amps is not.

Single Battery Configuration

As stated in 6.1, no battery should drive loads requiring more
than .5 amps

Battery Maintenance

Batteries should be fully charged prior to any demonstration of
the system. Failure to do so will result in spurious faults in
most configurations, resulting in incorrect diagnosis by the
expert system.

Since there is no way to determine whether or not a battery is
fully charged, all batteries should be trickle charged for 8
hours in  advance of any demonstration. Using the
test-configuration wutility to download the battery charge
configuration (Example 6-3) to the breadboard and allowing the
breadboard to remain stable for at least 8 hours.

A detailed discussion of battery maintenance and recharging may
be found in chapter 7.0. :
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6.4 Breadboard Readiness Checkout Procedure

09491/1522¢g

4.2

Because the microcomputer system 'learns" what the
correct voltage and current conditions are for a given
configuration during the download phase, it 1is important
to be sure that the what is "learned" is proper for the
configuration. :

Some examples of improper downloading are:

a) A fault exists in the network from a previous run.
If the fault was not removed prior to downloading a
new configuration, this fault 1is learned as being
part of the new configuration.

b) Power Supply voltages not set properly. If one of
the desired power supplies has been turned off or has
had its voltage re-adjusted for battery charging, the
over/under voltage condition will be treated as
proper.

¢) Batteries not fully charged. If one of the batteries
has had significant current used, power will be
diverted from the intended path to <charge the
battery. This can result in insufficient power being
available to drive the network, or cause the battery
voltage to drift during a run.

d) Downloading of configurations which cause the
breadboard protection circuitry to activate.

To 1insure that the downloaded configuration will be
meaningful, two important steps must be followed.

6.4.2.1 Insure that the desired configuration is both
meaningful and allowable from an electrical
sense.

The network is fairly versatile and will allow improper
configurations to be placed upon it. Those conditions
which are likely to damage the network will be removed,
but the configuration imposed on the network will
undoubtedly be meaningless.

Some examples of configurations to avoid are:
a) Those which connect the output of more than 1 voltage

regulator together.
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ACTION

b) Those which require more
supplied than is available.

power to be

¢) Those which charge a battery from a module
other than the one in which the battery
resides.

d) Those which charge a deeply depleted battery.

A tool has been made available to assist in "trying out"

selected configurations prior to linking the
configuration with expert system. This tool is
interactive and allows the user to verify that the

configuration is meaningful. This tool 1is described in
Chapter 8, titled Test Configuration Utility.

VERIFICATION OF COMPLETENESS

Place rotary switch in Reset'
position.

Place all toggle switches on
will

the fault insertion panel to
the center or normal'’
position.

If current is still being
drawn from the H.P. supplies,
turn supply off, the on.

This resets the SCR's which

provide the direct short faults.

Reset the circuit breakers on
the battery modules by
pressing the center pole of
the breaker in.

Verify that the batteries
have a normal voltage. Place
the rotary switch in the
‘status' position. Key in
22 on the thumbwheel switch.
depress the Repeat Function'
button. Repeat for 23, 24.

Place the rotary switch in
the slave' position.

09491/1522g

Message ''System has been reset'" will
be visible in the alphanumeric display.
No LED's will be on, and no current

be drawn from any of the H.P. supplies.

No current is being drawn from the H.P.
supplies.

The breaker center pole is plush with
the breaker '"plate'.

The alphanumeric display contains the
normal unloaded voltage for a fully
charged battery, 33.75V.

Message SYMBOLICS SRC MODE' will be
visible in the alphanumeric display

32



6.4.3
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6.4.2.2 Secondly, the breadboard must be ready to accept
the meaningful configuration. Following the
steps below will place the breadboard in a
condition for receiving configurations.

The breadboard is now ready to accept a new configuration
from the Symbolics machine. After the configuration has
been downloaded, and the message ~STEADY STATE ACHIEVED'
is visible, the breadboard is ready to be faulted.

As an additional verification that the downloaded
configuration is proper check that the front panel lamps
(corresponding to the activated load areas) are glowing
with full intensity. This indicates that the network has
received full power to the loads.
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CHAPTER 7
BATTERY MAINTENANCE AND RECHARGING
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7.0

BATTERY MAINTENANCE AND RECHARGING

OVERVIEW

The Power Subsystem Automation Study Breadboard incorporates
three Nickel-Cadmium batteries. These batteries are composed of
25 cells, mounted in a stainless steel case. The cells have a
capacity of approximately 14 amp-hours. The batteries were
manufactured in Colorado Springs, Colorado by Eagle-Picher
Industries. Connection to the batteries 1is made through
connector type MS3124T-10-6P. Pins A, B, C, are the positive
terminal of the battery, while pins D, E, F are the negative
terminal.

The batteries are able to be trickle charged by the breadboard.
This is primarily intended to be a 'station keeping'" function
rather than a complete charge ramp up. The relay connecting the
battery to the power network does not need to be closed, nor
does the circuit breaker need to be reset. Extra power
available from the Hewlett-Packard power supplies is diverted to
replenishing the consumed power. This allows configurations to
be tested on the breadboard which don't actually use the battery
as a power source.

% Y% % CAUTION * = *

If a configuration was placed on the breadboard which required
the battery to supply a large portion of its capacity, the
resulting trickle charge occurring on subsequent runs may cause
false error reporting to the Expert System. The errors can
result from the following situation:

1) Some configuration was run in which a large amount of
current was drawn from a Dbattery. The run completed
normally, leaving the battery in a state which will require
more than 10% of the H.P. supplies capacity to re-charge.

2) A new configuration is downloaded to the breadboard for
testing. This configuration does not use the battery, but
does connect the power supplies of the same power module to
the network. Trickle charging of the battery begins.

3) The microprocessor "learns'" the new configuration voltages
and currents and ships them to the expert system. The
microprocessor issues the message '"Steady State Achieved"
and awaits a fault.

35

09491/1522g



7.2

4) During this time the battery is re-charging. Its voltage is
increasing, and the trickle charge current is diminishing.
The microcomputer will determine that this is a fault, and
erroneously uplink fault data.

This situation can be avoided if a charge situation is placed on
the battery sufficient to reduce the trickle current to 200 mA
or less prior to the subsequent runs.

Periodic Maintenance

The batteries will also require periodic maintenance to assure
continued stable characteristics. This involves performing a
deep cycle discharge and recharging. The procedure outlined in
the Battery Maintenance Manual (supplied by Eagle-Picher) should
be used. This procedure may be followed by removing the
batteries to a remote location where a constant current source
is available. Alternatively, the procedure may be closely
approximated by 1leaving the batteries in the system and
following the steps outlined below:

7.2.1 Simultaneous discharge of batteries

The batteries may be discharged simultaneously while in
the breadboard at a one hour rate. This is useful in
observing the characteristics of the batteries. Loads
equivalent to 1.1 amperes can be obtained on each of the
load busses in the network. A battery in each power
module can be comnected to these equivalent 1.1 ampere
loads.

Figure 7.1 shows the discharge characteristic for the
battery in module 3. Notice that the battery drops
quickly from its unloaded voltage of approximately 35
volts to the normal loaded voltage of 31.6 volts. From
here the voltage remains relatively stable until the
dropoff voltage of 29.3 volts. Here the battery output
avalanches to 20 volts within a period of several minutes.

As the wvoltage regulation scheme chosen for the
breadboard 1is linear, and requires approximately 2.0
volts of margin between the unregulated source and its
output, the battery actually has a useful lifespan of 13
AMP-HOURS.

7.2.2 Discharge of a single battery
A single battery may be rapidly discharged at up to a 5

A-H rate by connecting loads on each of the high power,
low power, and critical busses.

36
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34.0

32.0
31.0
30.0
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29.0
Note:
28.0 |- Drain Curve at Constant
Load = 1,10 A,
Battery Voltage (Monitored at Node 24)
270
26.0 —~
25.0 1 1 1 1 L 1 | 1 1 1 i 1 1 1
Init. 1 2 3 4 5 6 7 8 9 10 1 12 13 14

Hours

‘ Figure™1 | PSAS Battery No. 3 Discharge Characteristics
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7.2.3
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Charging of Batteries

The breadboard is able to charge the batteries in a
"constant potential" mode only. However, a constant
current charge can be approximated. This approach
requires operator intervention at intervals of 1 hour,
but has the advantage of completing the charge cycle in
less than 1 day. Also, all three batteries may be
charged in the system at the same time. Follow the steps
below to charge the battery from a discharged condition:

1) Initialize the breadboard and the microcomputer
system. Place the network in a configuration where
the relays are all open.

2) Using a voltmeter connected to the sense jacks on the
H.P. supply faceplate, set the voltage on both power
channels from 38.5 volts to 40.5 volts. Assure that
the current limit on the supply is wide open.

3) Close the relays along the path from the supplies to
the battery, leaving all other relays open. Verify
that current is being drawn evenly from both power
supplies by observing the meters on the H.P.
supplies. Adjust the voltage until a balance of
current is drawn from both power channels in the
6255A supply.

4) Using the front panel display; examine the battery
voltage. This is available at nodes 22, 23, 24 for
the batteries in power modules 1, 2, and 3
respectively. Notive that the current sensors at the
battery are disabled and forced to zero. The initial
battery voltage should be approximately 33 volts.

5) Monitor the current flowing into the batteries in
modules 1, 2, 3 at the nodes 3, 9, 15. The initial
reading of battery current at this point should be
approximately - 3.0 Amperes. However, this reading
will rapidly diminish to the - 2.5 A range. The
minus sign at this node indicates that current is
flowing into the battery.
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6) Continue monitoring the current flowing 1into the
battery. Usually, once an hour will be sufficient to
re-adjust the current. As the current drops below
2.0 Amperes, adjust the voltage upwards on both power
channels of the H.P. supply. As a guideline,
increasing the voltage on each power channel by .5V
will return the battery current to the 2.5A range.

7) Figure 7.2 is an example of this type of charging
practice used on the battery in power module 3. The
charging cycle may be terminated when the accumulated
charge (the area under the current plot) reaches 14
AMP-HOURS. Alternatively, the charge may Dbe
terminated when the battery voltage displays the
"head " and shoulders" characteristic shown 1in the
figure.

The battery protection hardware will prevent the battery
from overcharging (by shunting away excess current and
limiting the raise in battery voltage to 39.0V), but
charging should be terminated when either of the above
two conditions is reached.

% % % CAUTION * % *

Finally, return the H.P. supply voltages to 38.5 volts.
Failure to do this will overdrive the voltage regulator
when power is applied to the regulator circuit from the
supplies.

The Dbattery connections to the battery protection
circintry have been sealed in plastic cement. Do not
attempt to defeat this protection. Never remove the
batteries from the battery module unless they have been
drained of power first.
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3.0 Note:

H.P. Power Supplies Were Adjusted to a Higher Voltage
Whenever Current into Battery Fell Below 2.0 A.

—{ 38.0

Amps — ey auEn e —/ Volts
15 b=~ ,— —— e - 35.0
/
/ D G D
- _/ Legend:
1.0 I~ ,/ D Supply Voltages = 41.G — 34.0
Supply Voltages = 41.5
/ - e e
/ b Supply Voltages = 42.0
"4
D Supply Voltages = 42,5
05— -+ 33.0
Battery No. 3 Voltage (Monitored at Node 24)
Battery No. 3 Current {(Monitored at Node 15)
i | ] ] | L
Init. 1 2 3 4 5 6 7

Hours

Figure .2 PSAS Battery No. 3 Charge Characteristics




CHAPTER 8
TEST CONFIGURATION UTILITY
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8.0

8.2

TEST CONFIGURATION UTILITY

Overview

This section provides a description of the test configuration
utility. The purpose of this program is to allow the user to
exercise the interface between the microprocessor and the LISP
machine without the overhead involved in a full ART run. This
program will be used for system verification prior to a run or
for problem determination.

Program Startup

The program is invoked from a LISP LISTENER by entering
(test-configuration).

Test Configuration Options

The following options are available through the menu system.
The main menu is handled exactly as described in chapter 4, the
only difference being an expanded set of command options.

8.2.1 Download Configuration

This option is used to download a configuration to the
microprocessor prior to a run. The configuration is
specified either by using the RETRIEVE CONFIGURATION menu
option to load a previously saved configuration into the
display or by clicking the required relays off or on
using the mouse.

8.2.2 Refresh

This option causes the microprocessor to transmit the
current state of the breadboard to the LISP machine. The
data can then be viewed through the EXAMINE BREADBOARD
DATA option.

42
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8.2.3

8.2.4

8.2.5

09491/1522g

Retrieve Configuration

This option is used to load a previously saved
configuration into the display from the
fies-library-directory. Upon clicking left on this menu
item the user should observe a window at the top of the
screen. The window may be exited by using the ABORT key.

Once the window is visible, type in the name of the file
corresponding to the desired configuration. After the
name is entered, hit <RETURN>. The window should
disappear and the wuser should observe that the
configuration has been loaded into the display. If the
file does not exist the message ''file does not exist"
will appear in the FIES Interface Status window.

Archive Configuration

This option 1is used to store a configuration that is
currently loaded in the display into a file 1in the
fies-library directory.

After selecting this option, the user should observe a
window at the top of the display. Enter the name of the
file in which the configuration is to be stored and hit
<RETURN>. If the file already exists the message 'File
exists" will appear in the FIES Interface status window.
In this case, the user will be reprompted for a new file
name. Enter the new file name or use the ABORT key to
exit the window.

While any naming conventions may be used, it is suggested
that a common extension such as '".cnf" be employed. This
is the extension use for MMC provided configuration
files. A directory name need not be entered, as the
default will be to store the files in c¢: > fies >
fies-library.

Examine Steady State Data

This option allows the user to examine the state of the
breadboard following a download and the subsequent
transmission of the steady-state table to the LISP
machine. To return from the steady state window display,
the user should click the middle mouse button and select
the option '"RETURN TO PREVIOUS SCREEN".
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8.2.6

8.2.7

8.2.8

8.2.9

8.2.10

09491/1522g

Examine Breadboard Data

This option may only be used in the interactive version
of the system. The option allows the user to examine the
state of the breadboard following fault insertion and the
subsequent transmission of the fault table to the LISP
machine. To return from the breadboard window display,
the user should click the middle mouse button and select
the option "RETURN TO PREVIQUS SCREEN".

Retrieve Scenario

This option allows the user to retrieve a data set that
has archived a breadboard configuration, the
corresponding steady state and a faulted configuration.
This data may be used to verify current breadboard values
or to drive an ART run.

Archive Scenario

This option allows a user to save a configuration, the
corresponding steady state table and a faulted data set.
This is wused to save data sets for breadboard
verification or for testing independent of the breadboard.
Art Command Window

This option passes control to ART. Typically, this
option will be wused following a Retrieve Scenario
command, where the intent 1s to exercise the ART
application independently of the breadboard.

QUIT

This option causes a return to the LISP LISTENER.
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APPENDIX A
‘ Operation Flowcharts and Screens
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APPENDIX - B

0.0

1.0

Fault Isolation Expert System (FIES)
Test and Demonstration Plan

PURPOSE

The purpose of the FIES Test and Demonstration Plan, as the name
suggests, is twofold. First it discusses the considerations,
scope, and procedures for verifying the operational status and
system capabilities of FIES. And secondly, it presents a
scenario for the final acceptance demonstration at the Marshall
Space Flight Center.

FIES DESCRIPTION

FIES consists of a number of integrated hardware and software
subsystems. The overall "health'" of FIES is determined by the
combined operational status of these subsystems. The strategy
behind testing FIES operational status is based on testing
"first things first". A brief description of the subsystems is
presented below.

1.1 FIES Hardware

FIES hardware is divided into three major subsystems. The
first is the Breadboard which contains solar array
simulators (power supply modules), batteries, network
configuration relays, load simulation modules, measurement
networks, and control logic. These components may be
configured into a power subsystem (also referred to as a
power network) manually at the Bread Board Fault Insertion
Panel, via keyboard entry at the Micro Processor Terminal
(Monitor), or through the Graphics/Mouse Interface on the
SYMBOLICS Terminal. Four fault types are supported and may
be inserted via the Bread Board Front Panel Fault Insertion
switches. The fault types include:
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“opened relay' - which interrupts current through some point

in the power subsystem,

“closed relay' - which allows fault current to flow to some

point in the power subsystem,

‘resistive shunt' - which causes excessive current drain ( 1-2

amperes) at some point in the power
subsystem, and

"direct shunt' - which causes an infinite current sink at

1.2

09501/1522g

some point in the power subsystem that is
limited only by the current sourcing
capability of the power modules.

The second major hardware subsystem is the Micro
Processor. The Microprocessor provides an operating system
for managing and monitoring the Bread Board Subsystem. A
bit oriented memory map allows individual control over the
network configuration relays. Writing a 1' to the
corresponding memory bit forces a relay contact closure and
writing a 0' forces the relay contacts open. In this way,
various power networks can be dynamically configured for
evaluation and demonstration of the fault isolating
capabilities of FIES.

The Microprocessor provides hardware for monitoring the
voltage and current levels at 24 sensor node locations in

the power subsystem. It 1is also equipped with added I/0

capabilities for interfacing to the Bread Board Front
Panel, the Monitor Terminal, and the SYMBOLICS machine.

The third hardware subsystem is the SYMBOLICS machine. The
SYMBOLICS provides the processing environment for the
Expert System software, which 1is an extension of the
Automated Reasoning Tool (ART). Graphic capabilities
supported by the SYMBOLICS terminal provides a user
environment that is easy to master.

FIES Software

The software is divided into three main subsystems (or
Layers). The layer closest to the Bread Board is the
Sensor Data Acquisition Scheduler (SDAS) whose task is to
coordinate the activities of the Micro Processor. These
activities include controlling the Bread Board hardware,
monitoring the sensor measurement nodes for steady or fault
states, and handling communications with the SYMBOLICS.



2.0

The middle layer, the Expert System Communications
Interface, resides on the SYMBOLICS. Its activities
include communicating with SDAS (on the Micro Processor),
supervising the sensor load network configuration, managing
the sensor load measurement data, interacting with Human
Operators, and interfacing to the Expert System.

The outermost layer is the Expert System itself. Its
activities 1include interacting with the Expert System
Interface and hypothesizing the source of faults manually
introduced via the Fault Insertion Panel on the Bread Board.

FIES Testing Strategy

FIES testing is clearly divided into two areas of effort. The
first area involves verify that the hardware and software system
are working normally. In this context, normally' means that
the hardware is operating within its normal limits and that the
software is basically sane'. This portion of the testing
effort will hereafter be referred as "FIES Operational Status
Testing".

The second area of testing involves exercising the fault
isolating capabilities of the Expert System software. This
testing effort assumes that the operational status of FIES has
been verified and that all faults detected correspond to faults
manually inserted at the Bread Board Fault Insertion Panel.

2.1 FIES Operational Status Testing

Testing of FIES operational status is approached fram a
"layered" point of view and will be done in the following
four phases:

1) The Bread Board Hardware Integrity Test (Procedure A)
verifies that the fault insertion and sensor load
hardware are operational.

2) The Microprocessor Software Integrity Test (Procedure
B) verifies that the Sensor Data Acquisition Scheduler
(SDAS) is running normally, that sensor node
voltage/current levels can be measured accurately, and
that steady and fault states can be achieved.

3) The Microprocessor - SYMBOLICS Communication Subsystem
Test (Procedure C) verifies that control handshaking
and sensor node data transferral between the SYMBOLICS
and Micro Processor are operational.
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2.2

4) The SYMBOLICS - FIES Operational Test (Procedure D)
verifies that the FIES Software 1is operational and
capable of hypothesizing a single fault correctly.
(This test is a simple sanity test; its intention is
not to exhaustively prove the fault 1isolating
capabilities of FIES.)

FIES Capability Testing

While the previous tests verify - the basic operational
status and integrity of FIES, they do not attempt to fully
exercise the reasoning and fault isolation capabilities of
the underlying Automated Reasoning Tool (ART) software upon
which FIES is built. For that matter, no test will be able
to verify all possible permutations of the FIES sensor load
network. The best that can be done is to cover as many
configuration/fault combinations as is reasonable and yet
still practical.

Some important considerations come to mind when choosing a
benchmark set of configuration/fault combinations. FIES
should be able to isolate faults in small, minimally loaded
configurations as well as more complicated, heavily loaded
configurations. It should be able to deal with single bus
configurations as well as multi bus arrangements. All four
supported fault types, open relay', closed relay',
‘resistive shunt', and direct shunt', should be applied in
various test cases but for at 1least one complete
multiply-loaded bus configuration, all fault types should
be applied at each and every point in the sensor load
network.

Test Procedure E presents a test procedure for generically
testing the fault 1isolating capabilities for any
configuration/fault combination.

3.0 Demonstration Strategy

This

section outlines the procedure and context for the

demonstration performed at MSFC.
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3.1

3.2
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Content

The demonstration consists of a selected number of test
uses. This set is a subset of the cases used for the
formal acceptance test. These cases represent a range of
network configurations, ranging from single sink, single
source configurations to multiple sink multiple source
configurations. These cases were chosen using 3 criteria:

1) A case must be representatlon of a possible power
system configuration.

2) A case must not cause a power overload in the system.
3) A case must not violate any of the conditions
~described in chapter 6.

Procedure

3.2.1 Initialization
The computer system was initialized by MMC
personnel. This included all phases of integrity
testing described in procedures A-E.

3.2.2 Demonstration
The rational for each case (based on the criteria
of section 3.1) was presented. Following this
presentation on each case MSFC personnel executed

the FIES system for the case. Discussion as
required followed.
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Bread Board Hardware Integrity Test
(Procedure A)

With power cord unplugged, use an ohmmeter to verify that
no short exists between the hot and neutral AC lines. If
non exists, plug the AC power cord into a 115VAC, 10AMP
circuit.

With the circuit breaker in the off' position, verify that
+115AC 1is present between the ''neutral'" and the "line"
terminals of the CORNELL-DUBILIER line filter.

Apply power to the breadboard by throwing the circuit
breaker to the ON' position. Verify that the "digital

_subsystem'" and the "power subsystem' lamps are glowing.

Measure the voltage between the + and - sense terminals on
the H.P. 6264B power supply. This voltage should be
+5VDC, +5%. Verify that the current display is reading
approximately 10 amperes of current load.

Measure the voltage between the + and - sense terminals of
the 6 power modules contained in the 3H.P. 6255A power
supplies. This voltage should be + 38.5 VDC, + 2%. With
the meter switch set to the 1.8A scale, verify that the
current load is presently reading O amperes.

Verify that the "boot" procedure has completed by observing
the "-" prompt on the system console. Enter "SDAS.EXE" and
a carriage return on the system console.

Place the rotary switch in the 'status" position. Place
the node I.D. thumbwheel switch to 22'. Depress the
"Repeat Function" momentary switch on the main panel.
Observe that the node 22 voltage reads +33.75VDC, +5% in
the alphanumeric display. This indicates that the power
module 1 battery 1is in place, and appears to have a
sufficient charge to drive the breadboard.

Set the Node I.D. to 23. Again depress the 'Repeat
Function'" switch and observe that the module 2 battery
voltage is +33.75VDC, +%5.

Set the Node I.D. to 24. Depress the "Repeat Function"
switch and observe that the module 3 battery voltage is
+33.75VDC, +5%.

Set the two paddle switches on the Fault Insertion panel to
"closed'" and ''resistive', respectively.
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Raise toggle switches 1, 4, 5, 6, 22, 27, and 30. Verify
that all other toggle switches are in the center position.
Verify that the "Low Power'", "High Power", and '"Critical
Power'" lamps are glowing. This verifies that power module
##1-A is supplying power to the system.

Set toggle switch #1 to the center position and verify that
the '"Low Power", "High Power", and "Critical Power" lamps
are extinguished. Raise toggle switch #2 and verify that
the three lamps are again illuminated. This verifies that
power module #1-B is supplying power to the system.

Lower toggle switch #2 to the center position and verify
all three of the power load branch lamps go out. Raise
toggle switch #3. Verify that the three lamps are again
illuminated. This assures that the battery in module 1 is
supplying power to the system. Return all toggle switches
to the center position.

Raise toggle switches 7, 10, 11, 12, 23, 25, and 28. Again
all three 1load branch lamps should be 1illuminated.
Returning toggle switch #7 to the center position should
cause all three lights to go out.

Raise toggle switch #8, verifying that the three load
branch lamps are re-powered. Returning #8 to center
position extinguishes the lamps. If all three lamps are
again lit when switch #9 1is raised, then the battery in
module #2 has sufficient power to drive the network.
Return all relays to center position.

Raise toggle switches 13, 16, 17, 18, 24, 26, 29. As
before the three 1load branch lamps should be 1lit.
Returning #13 to center position and then raising #1¢4
should cause the lamps to momentarily go out. Lowering #14
and then raising #15 should have the same effect. Return
all toggle switches to center position.

The breadboard is now ready for microprocessor software
testing.
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Micro Processor Software Integrity Test
(Procedure B)

Perform and verify Micro Pro hardware test

Boot micropro and verify startup diagnostics: (Refer to
INTEL's Software Diagnostic Test Manual if error)

Load and start SDAS.EXE

Put the bread board rotary switch in ~TEST MODE'. Bread
board will respond with '"MONITOR SRC MODE' on ASCII Dieplay
Device. This action will cause the MONITOR keyboard to be
substituted for the SYMBOLICS (at the communication
interface level only).

Care must be taken when entering command strings in this
mode because the format is fixed and the Micro Pro software
is not very forgiving (a misformed command string can hang
the Micro Pro thus requiring a reboot). (A <BACKSPACE>
character can be entered to discard previously mistyped
characters.)

Note that command strings entered from the MONITOR use
decimal for relay and sensor node ID numbers (the SYMBOLICS
would normally use hex encoding).

Verify that all Fault Insertion switches are in the
NORMAL' position.

Enter a configuration ('config') string, for example:
¢010102010401050106012201310133013501

Observe the ASCII Display Device output message "LOADING
CONFIGURATION."

Verify that the proper relay LEDs are lighted (for this
example, relays 1, 2, 4, 5, 6, 22, 31, 33, and 35 should be
lighted and other relay LEDs should be extinguished).

At MONITOR, verify the resulting config' status message,
the string for this example would be as follows:

¢c010102010300040105010601070008000900100011001200130014001500
1600170018001900200021002201230024002500260027002800290030003
1013200330134003501360037003800390040004100420043004400450046
0047004800

Verify that Power Supplies 1 and 2 of Power Module 1 are
supplying current and that the remaining supplies are not.
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At this point SDAS.EXE will wait for the bread board to
achieve a steady state condition that will be indicated by
an ASCII Display Device message "STEADY STATE ACHIEVED".

Verify that some rendition of the following steady state'
sensor node data string 1is output at the MONITOR:
(Slightly varying conditions will cause some deviation in
voltage and current values output in the steady state'
string.)

s017507027407036E0204710E056D10065F10070300080300090000100000
1100001200001303001403001500FF1600001700FF180000195F232000FF2
100FF226C00236D00246200

SDAS.EXE will then enter a 'looking for fault'" mode that
periodically compares new measurement data to the steady
state data. (A difference filter of +3 and -3 counts is
applied to minimize the effects of spontaneous noise.)

Insert a fault into the configuration. (For this example,
set the RELAY FAULT TYPE switch to OPEN and the fault
insertion switch for Relay 1 to RELAY. This fault will
cause the current supplied by Power Supply 1 to be
interrupted completely thus requiring Power Supply 2 to
take on the additional current load.)

Upon detection of the fault, '"FAULT DETECTED" will be
output on the ASCII Display Device.

Verify that some rendition of the following fault state’
sensor node data string is output' at the MONITOR:
(Slightly varying conditions will cause some deviation in
voltage and current values output in the 'fault state'
string.)

£01730002740E036D0104710E056D10066010070300080300090000100000
1100001200001303001403001500FF1600001700FF180000195F242000FF2
100FF226C00236D00246200

Change the rotary switch setting to FAULT NODES

Observe the ASCII Display Device which should be displaying
data for sensor node 1 (NOl1) in the following form:
(Values may not be exactly the same but they should be
reasonable.)

NO1 00.000a <= 00.780a

The first value represents the fault state node current
while the second value represents the steady state node
current. As expected, the current for Power Supply should
be zero (or slightly positive or negative) after the fault
is inserted.
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Depress the REPEAT FUNCTION switch to advance the fault
display to the next mismatching voltage/current measurement
which in this case should be:

NO2 01.463a <= 00.780a

Note that the fault current for Power Supply 2 should be
close to twice the steady state value.

Depressing the REPEAT FUNCTION switch again should result
in an ASCII Display Device message that reads "FAULT
DISPLAY FINISHED". If not, reactivate the switch to scroll
through any other voltage/current mismatches that have been
detected until the above message is displayed.

Return the switch for relay 1 to NORMAL (vs. RELAY), select
a NODE I.D. of 01, and set the rotary switch to STATUS.

The ASCII Display Device will display the present
voltage/current measurement data for Sensor Node 1 as
follows: (Values may vary.)

NOl1 36.563v  00.780a

The first value represents the node voltage (in volts) and
the second value represents the node current (in amperes).
As expected the current level supplied by Power Supply 1
has returned to a nominal value.

Change NODE ID to 02 and depress the REPEAT FUNCTION switch.

This action will display the voltage/current measurement
data for Sensor Node 2 which should be close to:

NO2 36.563v  00.780a

And again as expected the current supplied by Power Supply
2 has returned to its nominal value.

Repeat steps 5.0 through 11.0 for the other configurations
and verify that the Bread Board responds properly, that
inserted faults can be detected and the voltage/current
data is reasonable.
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(Procedure C)

Power on Monitor and SYMBOLICS CRT terminals.

Apply power to SYMBOLICS

To bootstrap SYMBOLICS, enter: logout <return> then: halt
machine <return>, watch for the Fep > prompt at the top of
the terminal display, and enter b <return>.

Login to SYMBOLICS by entering:

(login'fies)

Load and start the SYMBOLICS Interface Software Subsystem:
(load "c: >fies> make-fies-interface.bin")

(make-system'fies-interface' :noconfirm)

Apply power to the Bread Board (this action will auto-boot
the Micro Processor).

Verify Micro Processor boot and self-test diagnostic
results (If problem, refer to INTEL's Software Diagnostic
Test Documentation).

Rotate Front Panel selector switch to RESET.

At Monitor CRT terminal, enter:

SDAS.EXE

After a small delay, the Bread Board should respond with
"SYSTEM HAS BEEN RESET" on the ASCII Display Device.

At SYMBOLICS terminal, start the test configuration
software as follows:

(test-configuration)

Verify that an unconfigured graphic representation of the
FIES network is displayed on the SYMBOLICS terminal.

Set all Fault Insertion switches to NORMAL.
Rotate Fron Panel selector switch to SLAVE MODE.

Verify ASCII Display Device message reads "SYMBOLICS SRC
MODE".

B-12



7.0 o

8.0 (o)

9.0 (o)

09501/1522g

If ASCII Display Device message is not as expected, depress
the REPEAT FUNCTION and recheck.

At SYMBOLICS terminal, establish a configuration via the
mouse input device.

Visually reverify the configuration is as desired.

Download the configuration via the mouse/menu selection
window.

Verify that the status message in lower corner of SYMBOLICS
terminal reads "XMIT configuration to micro".

Verify that ASCII Display Device message reads '"LOADING
CONFIGURATION",

Verify that the LEDS are lighted for relays that were
turned on and extinguished for those relays that were
turned off in the configuration download.

Verify that the Power Module current meters register a
reasonable level of current flow for the selected
configuration.

Verify that the status message in lower corner of SYMBOLICS
terminal reads "IO Wait: Steady State..".

After waiting a few moments, verify that the Bread Board
has stabilized by observing the ASCII Display Device
message, '"'STEADY STATE ACHIEVED".

Verify that the steady state data stream has been received
at the SYMBOLICS by observing "IO Complete: Steady State"
in the status display window in the lower right hand corner
of the SYMBOLICS terminal.

Verify that this status message changes to "I0O Wait: Fault
Data'" which means that the SYMBOLICS is ready for a fault
to be inserted.

Using the mouse/menu, display the steady state graphic
display window and verify that the voltage/current values
are reasonable.

Return to the previous configuration window and verify that
the status is still "I0 Wait: Fault Data. (If it is not
then spurious noise has caused a false fault report and the
test procedure should be restarted from step 6.0.)
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Insert a fault by depressing one of the Front Panel Fault
Insertion switches.

Verify that the associated LED is extinguished or
illuminated if the fault type was an open or closed type
fault, respectively.

Verify that the inserted fault is detected by observing the
ASCII Display Device message, "FAULT DETECTED".

Verify that the fault data string is received at the
SYMOBLICS by observing the message in the status window of
the SYMBOLICS terminal which should read "IO Complete:
Fault Data".

Using mouse/menu window, display the fault state graphic
display window and verify that the voltage/current values
are reasonable for the type and location of the fault
inserted.

Remove the inserted fault by returning the Fault Insertion
switch to its NORMAL position.

If a direct shunt fault was applied, power cycle the
associated Power Module to restore the Power Supplies to a
"non-folded over'" state.

Repeat steps 6.0 through 11.0 for all applicable
configurations.
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SYMBOLICS - FIES Operational Test
(Procedure D)

Power on Monitor and Symbolics CRT terminals.

Apply power to SYMBOLICS.

To bootstrap SYMOBLICS, enter: logout <return> then: halt
machine <return>, then watch for the Fep > prompt at the
top of the terminal display, and enter b <return>.

Login to SYMBOLICS by entering:

(login'fies:host "d")

Apply power to the Bread Board (this action will auto-boot
the Micro Pro).

Verify Micro Pro boot and self-test diagnostic results (If
problem, refer to INTEL's Software Diagnostic Test
Documentation).

Rotate Front Panel selector switch to RESET.

At Monitor CRT terminal, enter:

SDAS.EXE

After a small delay, the Bread Board should respond with
"SYSTEM HAS BEEN RESET" on the ASCII Display Device.

Load and start the ART application software (i.e., the
Expert System):

To enter the ART world enter <select> A at the SYMBOLICS
Terminal.

Using mouse/menu window, clear ART

Using mouse/menu window, load ART using the following file
name:

d: >art-test> load-fies.lisp

B-15
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Using mouse/menu window, reset ART
Using mouse/menu window, run ART

Verify that an unconfigured graphic representation of the
FIES network is displayed on the SYMBOLICS terminal.

Set all Fault Insertion switches to NORMAL.
Rotate Front Panel selector switch to SLAVE MODE.

Verify ASCII Display Device message reads "SYMBOLICS SRC
MODE".

If ASCII Display Device message is not as expected, depress
the REPEAT FUNCTION and recheck.

At SYMBOLICS terminal, establish a configuration via the
mouse input device or file archiving facility.

Visually reverify the configuration is as desired.

Download the configuration via the mouse/menu selection
window.

Verify that the status message in lower corner of SYMBOLICS
terminal reads "XMIT configuration to micro".

Verify that ASCII Display Device message reads "LOADING
CONFIGURATION".

Verify that the LEDS are lighted for relays that were
turned on and extinguished for those relays that were
turned off in the configuration download.

Verify that the Power Module current meters register a
reasonable level of current flow for the selected
configuration.

Verify that the status message in lower corner of SYMBOLICS
terminal reads "IO Wait: Steady State..".

After waiting a few moments, verify that the Bread Board
has stabilized by observing the ASCII Display Device
message, ''STEADY STATE ACHIEVED".

Verify that the steady state data stream has been received
at the SYMBOLICS by observing '"IO Complete: Steady State"
in the status display window in the lower right hand corner
of the SYMBOLICS terminal.

Verify that this status message changes to "IO Wait: Fault
Data" which means that the SYMBOLICS is ready for a fault
to be inserted.



10.0

11.0

12.0

® .

14.0
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Using the mouse/menu, display the steady state graphic
display window and verify that the voltage/current values
are reasonable.

Return to the previous configuration window and verify that
the status is still "IO Wait: Fault Data. (if it is not
then spurious noise or battery charging has caused a false
fault report and the test procedure should be restarted
from the reset' in step 5.0.)

Insert a fault by depressing one of the Front Panel Fault
Insertion switches.

Verify that the associated LED is extinguished.

Verify that the inserted fault is detected by observing the
ASCII Display Device message, "FAULT DETECTED IN SYSTEM".

Verify that the fault data string is received at the
SYMBOLICS by observing the message in the status window of
the SYMBOLICS terminal which should read "IO Complete:
Fault Data'.

At SYMBOLICS, wait for completion of the Expert System run.

Verify the integrity of the fault hypothesis generated by
the Expert System.

Remove the inserted fault by returning the Fault Insertion
switch to its NORMAL position.

If a direct shunt fault was applied, power cycle the
associated Power Module to restore the Power Supplies to a
"non-folded over'" state.

Repeat step 5.0 (from reset') through 13.0 for all
applicable configurations.



Formal Acceptance Test Procedure
(Procedure E)

1.0 Overview
This describes the procedure to be used in testing fault isolation

capability for any selected case. The procedure is an implementation of
the end to end testing specified in the FIES software development plan.

2.0 Case selection

The number of cases have been identified for formal acceptance test.
These cases represent the full range of reasonable configurations
possible in the power network. A reasonable configuration is selected
based on the following criteria:

1) A case must be representative of a possible power system
configuration.

2) A case must not cause a power overload in the system, or violate
any of the conditions described in chapter 6 of the user's
manual.

3.0 Procedure

3.1 Complete initialization and integrity testing as described in
test procedures A-D.

3.2 For each test configuration in para. 3.3, perform the following
steps

3.2.1 Reset bread board

3.2.2 Reset ART application

3.2.3 Run ART application

3.2.4 Select a configuration from configuration library
3.2.5 Download configuration to the breadboard

3.2.6 When the I/OWait: Fault Data message appears in the FIES
Interface window, insert the desired fault into the breadboard

3.2.7 Verify results against expected results. Expected
results appear in 3.3 below with the test configuration case
descriptions.

B-18
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3.3 Description

3.3.1 Single Source to single-sink, low load requirements
3.3.1.1 Resistive Short Circuits (Example F-1)
3.3.1.2 Direct Short Circuit (Example F-2)
3.3.1.3 Open Circuits (Example F-3)

3.3.2 Two Sources to multiple sinks, low load requirements
3.3.2.1 Resistive Short Circuits (Example F-4)
3.3.2.2 Direct Short Circuits (Example F-5)
3.3.2.3 Open Circuits (Example F-6)

3.3.3 Four Sources to multiple sinks, high load requirements
3.3.3.1 Resistive Short Circuits (Example F-7)
3.3.3.2 Direct Short Circuits (Example F-8)

3.3.3.3 Open Circuits (Example F-9)

B-19
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. =) pop

=) run
Beginning run at 2/26/86 13:42:43: type “C to halt.
Initializing Circuit Description

Create Errorbands

Assigning Qualitative Values to Sensors
Hypothesizing Faults:

Fault-Hypothesis: Closed-Relay RELAY-1N
Fault-Hypothesis: Closed-Relay RELAY-1P
Fault-Hypothesis: Resistive-Short-Circuit BUS-1D
Fault-Hypothesis: Resistive-Short-Circuit BUS-1E
Fault-Hypothesis: Resistive-Short-Circuit LOAD-10

Fault-Hypothesis: Short-Circuit BUS-1D

‘ Fault-Hypothesis: Short-Circuit BUS-1E

Fault-Hypothesis: Short-Circuit LOAD-10

Reject Fault Hypothesis Short-Circuit at LOAD-10
Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-1G

Reject Fault Hypothesis Short-Circuit at BUS-1E
Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-1G

Reject Fault Hypothesis Short-Circuit at BUS-1D
Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-1G

Reject Fault Hypothesis Closed-Relay at RELAY-1P
Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-1G

Reject Fault Hypothesis Closed-Relay at RELAY-1N
Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-1G

Fault-hyp: Resistive-Short-Circuit BUS-1E
Source Propagation from BUS-1E to RELAY-1K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from RELAY-1K to BUS-1D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT 8US-1E
Source Propagation from BUS-1D to SENSOR-1G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1G
Source Propagation from SENSOR-1G to RELAY-1G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from RELAY-1G to BUS-1C
Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from BUS-1C %o SENSOR-1F
11 -hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E

‘cted Current Effect: HIGH Consistent at Sensor SENSOR-1F ol F:—/
‘ce Propagation from SENSOR-1F to RELAY-1F
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_Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from RELAY-1F to REGULATOR-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from REGULATOR-1A to SENSOR-1E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1E
Source Propagation from SENSOR-1E to RELAY-1E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from RELAY-1E to BUS-18

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from BUS-1B to SENSOR-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1C
Source Propagation from SENSOR-1C to RELAY-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from RELAY-1C to BUS-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from BUS-1A to SENSOR-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1A
Source Propagation from SENSOR-1A to RELAY-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Source Propagation from RELAY-1A to SOLAR-ARRAY-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
End-Source Propagation from SOLAR-ARRAY-1A

Fault-hyp: Resistive-Short-Circuit BUS-1E
Sink Propagation from BUS-1E to RELAY-10

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
Sink Propagation from RELAY-10 to LOAD-10

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1E
End-Sink Propagation from LOAD-10

Fault-hyp: Resistive-Short-Circuit BUS-10
Source Propagation from BUS-1D to SENSOR-1G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1G
Source Propagation from SENSOR-1G to RELAY-1G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from RELAY-1G to BUS-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from BUS-1C to SENSOR-1F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1F
Source Propagation from SENSGR-1F to RELAY-1F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from RELAY-1F to REGULATOR-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from REGULATOR-1A to SENSOR-1E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-10
Pregicted Current Effect: HIGH Consistent at Sensor SENSOR-1E
Source Propagation from SENSOR-1E to RELAY-1E

"' -hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D Co Pl
: Propagation from RELAY-1E to BUS-18 6

Page
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Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS~1D
- Source Propagation from BUS-1B to SENSOR-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1C
Source Propagation from SENSOR-1C to RELAY-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from RELAY-1C to BUS-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from BUS-1A to SENSOR-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1A
Source Propagation from SENSOR-1A to RELAY-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Source Propagation from RELAY-1A to SOLAR-ARRAY-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
End-Source Propagation from SOLAR-ARRAY-1A

Fault-hyp: Resistive-Short-Circuit BUS-1D
Sink Propagation from BUS-1D to RELAY-1K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Sink Propagation from RELAY-1K to BUS-1E

ult-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
nk Propagation from BUS-1E to RELAY-10

i

(7 )

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
Sink Propagation from RELAY-10 to LOAD-10

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-1D
End-Sink Propagation from LOAD-10

Fault-hyp: Resistive-Short-Circuit LOAD-10
Source Propagation from LOAD-10 to RELAY-10

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-10 to BUS-1E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from BUS-1E to RELAY-1K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-1K to BUS-1D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
.Source Propagation from BUS-1D to SENSOR-1G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1G
Source Propagation from SENSOR-1G to RELAY-1G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-1G to BUS-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from BUS-1C to SENSOR-1F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1F
Source Propagation from SENSOR-1F to RELAY-1F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-1F to REGULATOR-1A

Fault-hyp: RESISTIVE-SHORT-ZIRCUIT LOAD-10 oL F?,‘
Source Propagation from REGULATOR-1A to SENSOR-1E

"“-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10 q
‘oted Current Effect: HIGH Consistent at Sensor SENSOR-1E
ce Propagation from SENSOR-1E to RELAY-1E
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Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-1E to BUS-18

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from BUS-1B to SENSOR-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1C
Source Propagation from SENSOR-1C to RELAY-1C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-1C to BUS-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from BUS-1A to SENSOR-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-1A
Source Propagation from SENSOR-1A to RELAY-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
Source Propagation from RELAY-1A to SOLAR-ARRAY-1A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-10
End-Source Propagation from SOLAR-ARRAY-1A

Reporting A1l Initial Fault Hypotheses:

SHORT-CIRCUIT LOAD-10
SHORT-CIRCUIT BUS-1E
SHORT-CIRCUIT BUS-1D
RESISTIVE-SHORT-CIRCUIT LOAD-10
RESISTIVE-SHORT-CIRCUIT BUS-1E
RESISTIVE-SHORT-CIRCUIT BUS-1D
CLOSED-RELAY RELAY-1P
CLOSED-RELAY RELAY-1N

Reporting Final Fault Hypotheses:

RESISTIVE-SHORT-CIRCUIT LOAD-10

RESISTIVE-SHORT-CIRCUIT BUS-1E

RESISTIVE-SHORT-CIRCUIT BUS-1D
Readings at SENSOR-3Z

Normal Voltage: 0.0
Faulted Volitage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readinys at SENSOR-22Z
Normal Voltage: 3i.74732
Faulted Veltage: 31.24892
Qual Voltage: HORMAL

nal Current: 0.C
ited Current: 0.0

2/26/86 13:43:54
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Qual Current: NORMAL

Readings at SENSOR-1Z

Normal Voltage: 31.562418
Faulted Voltage: 31.24992
Qual Voltags: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3G

Normal Voitage: 0.0
Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: -0.0390624
Faulted Current: -0.0390624
Qual Current: NORMAL

Readings at SENSOR-2G

Normal Voltage: 0.0
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: -0.0390624
Qual Current: NORMAL

Readings at SENSOR-1G

Normal Voltage: 29.687424
Faulted Voltage: 19.999949
Qual Voltage: LOw

Normal Current: 0.6249984
Faulted Current: 1.6406208
Qual Current: HIGH

Readings at SENSOR-3F

Normal Voltage: 0.0
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3E

Normal Voltage: 0.0
Faulted Voltage: 0.3

Qual Voltage: NORMAL
Normal Current: -0.097656
Faulted Current: -9.097656
Qual Current: NORMAL

2/26/86 13:43:54

Page §
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. Readings at SENSOR-3C
Normal Voltage: 0.0
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3D
Normal Voltage: 0.0
Fauited Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: -0.097656
Faulted Current: -0.097656

Qual Current: NORMAL

Readings at SENSOR-3B

Normal Voltage: 0.39374976
Faulted Voltage: 0.93743976

Qual Voltage: NORMAL

Normal Current: 0.097656

Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3A

Normal Voltage: 0.9374976
Faulted Voltage: 0.9374976

Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-2F
Normal Voltage: 0.0
Faulted voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-2E
Normal Voltage: 0.0
Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0

Faulted Current: 0.0 .
Qual Current: NORMAL

“~'ings at SENSOR-2C
al Voltage: 0.0
.ited Voltage: 0.0

2/26/88 13:43:54 Page 6
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‘ Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-2D
Normal Voltage: 0.0
Faulted Voltage: 0.0
Quatl Voltage: NORMAL

Normal Current: . 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSCR-2B
Normal Voltage: 0.9374976
Faulted Voltage: 0.9374976
Qual Voltage: NORMAL

Normal Current: 0.0
Faulited Current: 0.0

Qual Current: NORMAL
Readings at SENSOR-2A

Normal Voltage: 0.9374876

Faulted Voltage: 0.9374976

Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1F
Normal Voltage: 29.999824
Faulted Voltage: 20.624947
Qual Voltage: Low

Normal Current: 0.781248
Faulted Current: 1.855464
Qual Current: HIGH

Readings at SENSOR-1E
Normal Voltage: 33.124916
Faulted Voltage: 23.437439
Qual Voltage: Low

Normal Current: 0.781248
Faulted Current: 1.757808
Qual Current; HIGH

‘ Readings at SENSOR-1C

Normal Voltage: 34.374912
Faulted Voltage: 24.687437
Qual Voltage: Low

al Current: 1.660152 ST 41
‘ted Current: 1.660152 (
}
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. Qual Current: NORMAL

Readings at SENSOR-1D
Normal Voltage: 33.124916
Faulted Voltage: 23.437439

Qual Voltage: LOW
Normal Current: -0.878904
Faulted Current: 0.097656
Qual Current: NORMAL

Readings at SENSOR-1B
Normal Voltage: 35.31241
Faulted Voltage: 25.624933

Qual Voltage: Low
Normal Current: -0.097656
Faulted Current: -0.097656
Qual Current: NORMAL

Readings at SENSOR-1A
Normal Voltage: 35.62491
Faulted Voltage: 25.937433

Qual Voltage: Low
. Normal Current: 1.660152

Faulted Current: 1.757808

Qual Current: NORMAL

Program halted.

Ending run at 2/26/86 13:43:49.
=> watch
=> dribble

\2
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ETHANOL : >DONNA>short10.out.1

' => pop

=> run
Beginning run at 2/28/86 12:27:05: type “C to halt,
Initializing Circuit Description

Create Errorbaads

Assigning Qualitative Values to Sensors

Hypothesizing Faults:

Fault-Hypothesis: Short-Circuit REGULATOR-2A

Fault-hyp: Short-Circuit REGULATOR-2A

Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2E

Source Propagation from SENSOR-2E to RELAY-2E

Fault-hyp: SHORT-CIRCUIT REGULATCR-2A
Source Propagation from RELAY-2E to BUS-2B

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Predicted Currant Effect: HIGH Consistent at Sensor SENSOR-2C
Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Source Propagation from BUS-2A to SENSOR-28

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-28
Source Propagation from SENSOR-2B to RELAY-28

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Source Propagation from RELAY-28 to SOLAR-ARRAY-28

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
End-Source Propagation from SOLAR-ARRAY-28

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: Short-Circuit REGULATOR-2A
Sink Propagation from REGULATOR-2A to RELAY-2F

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-2F to SENSOR-2F

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2F
Ti-v Propagation from SENSOR-2F to BUS-2C

1yp: SHORT-CIRCUIT REGULATOR-2A

2/28/86 12:28:12

T -5
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Sink Propagation from BUS-2C to RELAY-2G
Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-2G to SENSOR-1G

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-1G
Sink Propagation from SENSOR-1G to BUS-1D

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from BUS-1D to RELAY-1K

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-1K to BUS-1E

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from BUS-1E to RELAY-10

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-10 to LOAD-10

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
End-Sink Propagation from LOAD-10

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from BUS-1D to RELAY-1M

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-1M to BUS-1F

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from BUS-1F to RELAY-1S

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-1S to LOAD-1S

Fault-hyp{ SHORT-CIRCUIT REGULATOR-2A
End-Sink Propagation from LOAD-1S

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from BUS-2C to RELAY-2H

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from BUS-20 to RELAY-2Q

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: SHORT-CIRCUIT REGULATOR-2A
End-Sink Propagation from LOAD-2Q

Reporting A11 Initial Fault Hypotheses:
SHORT-CIRCUIT REGULATOR-2A
Reporting Final Fault Hypotheses:

SHORT-CIRCUIT REGULATOR-2A

Readings at SENSOR-3Z
7l Voltage:  33.124916
~ed Voltags: 33.124916
Voltage: NORMAL

2/28/86

ilx: P8

12:28:12
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Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Nermal Current:
Faulted Current:

Qual Current:

0.0
0.0
NORMAL

Readings at SENSOR-2Z

33.124916
33.124916
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-1Z

33.437412
33.437412
NORMAL

0.0
0.0
NORMAL

‘ Readings at SENSOR-3G

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voitage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

il Current:
~ed Current:
Current:

0.0
0.0
NORMAL

6.0
-0.0390624
NORMAL

Readings at SENSOR-2G

29.374924
0.8374976
ZERO

0.6640608
0.0
ZERO

Readings at SENSOR-1G

29.374924
0.9374976
ZERO

1.6796832
0.0330624
ZERO

Readings at SENSOR-3F

0.0
0.0
NORMAL

0.0
0.0
NORMAL

2/28/86 12:28:12
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Readings at SENSOR-3E

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

0.0
0.0
NORMAL

-0.097656
-0.097656
NORMAL

Readings at SENSOR-3C

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

0.0
0.0
NORMAL

0.0
-0.097656
NORMAL

Readings at SENSOR-3D

Normal Voltage:

Faulted Voltage:

Qual Voitage:
Normal Current:
Faulted Current:
Qual Current:

5.6249857
5.6249857
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-38

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

0.8374976
0.9374976
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-3A

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
‘ Faulted Voltage:

Qual Voltage:
Normal Current:
Faulted Current:
Qual Current:

0.8374976
0.9374976
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-2F

30.312422
0.9374976
ZERO

2.5380558
0.0
ZERO

ja e
v

F-5

2/28/86

12:28:12
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Readings at SENSOR-2E

Normal Voltage: 33.749912

Faulted Voltage: 4.687488
Qual Voltage: LOW

Normal Current: 2.5390558

Faulted Current: 3.613272
Qual Current: HIGH

Readings at SENSOR-2C
Normal Voltage: 35.31241
Faulted Voltage: 6.249984
Qual Voltage: Lov

Normal Current: 2.5390558

Faulted Current: 3.613272
Qual Current: HIGH

Readings at SENSOR-2D

Normal Voltage: 33.749912

Faulted Voltage: 4.687488
Qual Voltage: LowW

Normal Current: 0.097656
Faulted Current: 0.0
Qual Current: ZERO

Readings at SENSOR-28
Normal Voltage: 36.24991
Faulted Voltage: 7.499981
Qual Voltage: LOW

Normal Current: 1.2695279

Faulted Current: 1,757808
Qual Current: HIGH

Readings at SENSOR-2A
Normal Voltage: 36.24991
Faulted Voltage: 7.499981
Qual Voltage: Low

Normal Current: 1.2695279

Faulted Current: 1.757808
Qual Current: HIGH

Readings at SENSOR-1F
Normal Voltage: 0.0
Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1E
Marmal  Voltage: 0.0
‘ted Voltage: 0.0
Voltage: NORMAL

2/28/80 12:28:12 Page 5
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Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1C
Normal Voltage: 0.0
Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1D
Normal Voltage: 5.6249857
Faulted Voltage: 5.6249857
Qual! Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

‘ Readings at SENSOR-18

Normal Voltage: 0.9374976
Faulted Voltage: 0.9374976
Qual Voltage: - NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1A
Normal Voltage: 0.9374976
Faulted Voltage: 0.9374976

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Program halted.

Ending run at 2/28/86 12:28:07.
=) watch
=> dribble
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Fault-hyp: OPEN-CIRCUIT RELAY-2E .
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-28

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Source Propagation from RELAY-2B to SOLAR~ARRAY-2B

Fault-hyp: OPEN-CIRCUIT RELAY-2E
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2E
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: Open-Circuit RELAY-2E
Sink Propagation from RELAY-2E to SENSOR-2E

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2E
Sink Propagation from SENSOR-2E to REGULATOR-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from REGULATOR-2A to RELAY-2F

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-2F to SENSOR-2F

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2F
Sink Propagation from SENSOR-2F to BUS-2C

Fault-hyp: OPEN-CIRCUIT RELAY-2F
Sink Propagation from BUS-2C to RELAY-2G

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-2G to SENSOR-1G

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-1G
Sink Propagation from SENSOR-1G to BUS-1D

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from BUS-1D to RELAY-1K

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-1K to BUS-1E

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from BUS-1E to RELAY-10

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-10 to LOAD-10

Fault-hyp: OPEN-CIRCUIT RELAY-2E
End-Sink Propagation from LOAD-10

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from BUS-1D to RELAY-1M

Fauit-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-1M to BUS-1F

Fault-hyp: OPEN-CIRCUIT RELAY-2E
"t 7o pagatien from BUS-1F to RELAY-1S

N
-~

2708738 14:28:238

F-6
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.Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-1S to LOAD-1S

Fault-hyp: OPEN-CIRCUIT RELAY-2E
End-Sink Propagation from LOAD-1$S

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from BUS-2C to RELAY-2H

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: OPEN-CIRCUIT RELAY-2E
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: OPEN-CIRCUIT RELAY-2E
End-Sink Propagation from LOAD-2Q

Fault-hyp: Open-Circuit BUS-28B
Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: OPEN-CIRCUIT BUS-2B
fredicted Current Effect: ZERO Consistent at Sensor SENSCR-2C
Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: OPEN-CIRCUIT BUS-2B
Source Propagation from RELAY-2C to BUS-2A

Fauit-hyp: OPEN-CIRCUIT BUS-28
Source Propagation from BUS-2A to SENSOR-2B

Fault-hyp: OPEN-CIRCUIT BUS-28B
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-2B

Fault-hyp: OPEN-CIRCUIT BUS-2B
Source Propagation from RELAY-2B to SOLAR-ARRAY-2B

Fault-hyp: OPEN-CIRCUIT BUS-28B
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: OPEN-CIRCUIT BUS-2B
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: OPEN-CIRCUIT BUS-2B
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: OPEN-CIRCUIT BUS-28
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: OPEN-CIRCUIT BUS-2B
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: Open-Circuit BUS-2B
Sink Propagation from BUS-2B to RELAY-2E

Fault-hyp: OPEN-CIRCUIT BUS-28
Sink Propagation from RELAY-2E to SENSOR-2E

Fault-hyp: OPEN-CIRCUIT BUS-2B Cean Ffﬁ
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-ZE
Sink Propagation from SENSOR-2E to REGULATOR-2A q_

‘hyp: OPEN-CIRCUIT BUS-28
‘ropagation from REGULATOR-2A to RELAY-2F
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Fault-hyp: OPEN-CIRCUIT BUS-28B
Sink Propagation from RELAY-2F to SENSOR-2F

Fault-hyp: OPEN-CIRCUIT BUS-2B
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2F
Sink Propagation from SENSOR-2F to BUS-2C

Fault-hyp: OPEN-CIRCUIT BUS-28
Sink Propagation from BUS-2C to RELAY-2G

Fault-hyp: OPEN-CIRCUIT BUS-2B _
Sink Propagation from RELAY-2G to SENSOR-1G

Fault-hyp: OPEN-CIRCUIT BUS-2B
Predicted Current Effect: ZERQ Consistent at Sensor SENSOR-1G
Sink Propagation from SENSOR-1G to BUS-1D

Fault-hyp: OPEN-CIRCUIT BUS-28
Sink Propagation from BUS-1D to RELAY-1K

Fault-hyp: OPEN-CIRCUIT BUS-28B
Sink Propagation from RELAY-1K to BUS-1E

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from BUS-1E to RELAY-10

Fault-hyp: OPEN-CIRCUIT BUS-28
Sink Propagation from RELAY-10 to LOAD-10

Fault-hyp: OPEN-CIRCUIT BUS-2B
End-Sink Propagation from LOAD-10

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from BUS-1D to RELAY-1M

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from RELAY-1M to BUS-1F

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from BUS-1F to RELAY-1S

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from RELAY-1S to LOAD-1S

Fault-hyp: OPEN-CIRCUIT BUS-2B
End-Sink Propagation from LOAD-1S

Fault-hyp: OPEN-CIRCUIT BUS-28
Sink Propagation from BUS-2C to RELAY-2H

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: OPEN-CIRCUIT BUS-2B
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: OPEN-CIRCUIT BUS-2B
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: OPEN-CIRCUIT BUS-2B

End-Sink Propagation from LOAD-2Q .

Fault-hyp: Resistive-Short-Circuit SOLAR-ARRAY-2A Gao Pl

Sink Propagation from SOLAR-ARRAY-2A to RELAY-2A

".-hyp: RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2A
. Prcpagation from RELAY-2A to SENSOR-2A
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‘Fault-hyp: RESISTIVE-SHORT-CIRCUIT -SOLAR-ARRAY-2A
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2A
Sink Propagation from SENSOR-2A to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2A
Sink Propagation from BUS-2A to RELAY-2C
Source Propagation from BUS-2A to SENSOR-28
Reject Fault Hypothesis RESISTIVE-SHORT-CIRCUIT at SOLAR-ARRAY-2A.
Reason: Predicted Effect Is Inconsistent at Sensor SENSOR-28
Predicted Value: HIGH
Sensor Value: LOW

Fault-hyp: Resistive-Short-Circuit SOLAR-ARRAY-2B
Sink Propagation from SOLAR-ARRAY-2B to RELAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-28
Sink Propagation from RELAY-2B to SENSOR-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2B

Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2B
Sink Propagation from SENSOR-2B to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2B

Sink Propagation from BUS-2A to RELAY-2C

Source Propagation from BUS-2A to SENSOR-2A

Reject Fault Hypothesis RESISTIVE-SHORT-CIRCUIT at SOLAR-ARRAY-28

Reason: Predicted Effect Is Inconsistent at Sensor SENSOR-2A
Predicted Vaiue: HIGH

Sensor Value: LOW
Reporting A1l Initial Fault Hypotheses::

RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2A
RESISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2B
OPEN-CIRCUIT RELAY-2E .

OPEN-CIRCUIT BUS-2B
Reporting Final Fault Hypotheses:

OPEN-CIRCUIT RELAY-2E
OPEN-CIRCUIT BUS-28
Readings at SENSOR-3Z

Normal Voltage: 33.124916
Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-2Z
Nermal Voitage: 33.124916
Faulted Voltage: 0.0

2ual Veltage: NORMAL

Normal Current: 0.0 e F. L
Faulted Current: 0.0 Tt -
Qual Current: NORMAL



Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Quatl Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

ETHANOL : >DONNA>open.out.1

Readings at SENSOR-1Z

33.437412
0.0
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-3G

0.0
-0.0390624
NORMAL

0.0
-0.0390624
NORMAL

Readings at SENSOR-2G

29.687424
0.0
ZERO

0.6640608
0.0
ZERO

Readings at SENSOR-1G

29.687424
0.0
ZERO

1.1328096
0.0
ZERO

Readings at SENSOR-3F

0.0
0.0
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-3E

0.0
-0.097656
NORMAL

-0.097656
-0.087656
NORMAL

7gs at SENSOR-3C

+mal Voltage:

0.0

(I

2

2/03/886 14:26:28
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Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0

Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3D

Normal Voltage: 5.6249857

Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0

Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3B

Normal Voltage: 0.9374976

Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0

Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3A

Normal Voltage: 0.9374976

Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-2F

Normal Voltage: 30.312422

Faulted Voltage: 0.0
Qual Voltage: ZERO

Normal Current: 2.050776

Faulted Current: 0.0
Qual Current: ZERO

Readings at SENSOR-2E

Normal Voltage: 34.062412

Faulted Voltage: 0.0
Qual VYoltage: ZERO

Normal Current: 2.050776
Faulted Current: 0.0
Qual Current: ZERO

Readings at SENSOR-2C
Normal Voltage: 35.31241
Faulted Voltage: 0.585936
T Voltage: NORMAL

] Cufrent: 2.148432

¢-b

2/08/86 14:26:28
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Faulted Current:
Qual Current:

0.585336
Low

Readings at SENSOR-2D

Normal Voltage:
Faulted Voitage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

34.062412
-0.585936
NORMAL

0.0
-0.585936
NORMAL

Readings at SENSOR-2B

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

36.5624056
0.292968
NORMAL

1.074216
0.292968
Low

Readings at SENSOR-2A

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

36.245851
0.390624
NORMAL

1.074216
0.390624
Low

Readings at SENSOR-1F

Normal Voltage:
Faulted Voltage:
Qua! Voltage:

Normal Current:
Faulted Current:
Qual Current:

0.0
0.0
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-1E

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Readings at SENSOR

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normat Current:
Faulted Current:
~) Current:

0.0
0.0
NORMAL

0.0
0.0
NORMAL

0.0
0.0
NORMAL

2/08/86 14:26:28
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Readings at SENSOR-1D
Normal Voltage: 5.6249857
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1B
Normal Voltage: 0.9374976
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: c.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-1A
Normal Voltage: 0.9374976
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normail Current: 0.0

Faulted Current: 0.0
Qual Current: NORMAL

Program halted.
Ending run at 2/08/86 13:39:49,

=> Resetting ART...
Knowledge base has been reset.

=> Beginning run at 2/08/86 13:43:21: type “C to halt.
Program halted.
Ending run at 2/08/86 14:00:20.

=> => Beginning run at 2/08/86 14:00:34: type “C to halt.
Initializing Circuit Description

Create Errorbands

Assigning Qualitative Values to Sensors

Hypothesizing Faults:

Fault-Hypothesis: Open-Circuit BUS-28B
Fault-Hypothesis: Open-Circuit RELAY-2E
Fault-Hypothesis: Resistive-Short-Circuit SOLAR-ARRAY-28
Fault-Hypothesis: Resistive-Short-Circuit SOLAﬁ-ARRAY-ZA
Fault-hyp: Open-Circuit RELAY-2E

Source Propagation from RELAY-2E to BUS-28B

Fault-nyp: OPEN-CIRCUIT RELAY-2E
" Propagation from BUS-2B to SENSCR-2C - S F_‘

<-hyp: OPEN-CIRCUIT RELAY-2E

2/08/86 14:26:28
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ETHANOL : >DONNA>res27 .out . Z/17/88 16

=> pop

=> run
Beginning run at 2/17/86 16:32:49: type “C to halt. -
Initializing Circuit Description

Create Errorbands

Assigning Qualitative Values to SenSOfs
Hypothesizing Faults:

Fault-Hypothesis: Resistive-Short-Circuit BUS-2C
Fault-Hypothesis: Closed-Relay RELAY-3N

Fault-Hypothesis: Closed-Relay RELAY-3K

i”,\
Fault-HypotQ§§js:\Resist1ve-5hort-C1rcu1t BUS-3D
Fault-Hypothesis: Resistive-Short-Circuit LOAD-3M
Fault-Hypothesis: Short-Circuit BUS-3D
Fault-Hypothesis: Short-Circuit LOAD-3M
Reject Fault Hypothesis Short-Circuit at BUS-3D

RRReason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-3G

Reject Fault Hypothesis Short-Circuit at LOAD-3M
Reason: Predicted Voitage Effect Is Inconsistent at Sensor SENSOR-3G

Fault-hyp: Resistive-Short-Circuit BUS-2C
Source Propagation from BUS-2C to SENSOR-2F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F
Source Propagation from SENSOR-2F to RELAY-2F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C .
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2E
Source Propagation from SENSOR-2E to RELAY-2E

' Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from RELAY-2E to BUS-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from BUS-28 to SENSOR-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2D
Source Propagztion from SENSOR-20 to RELAY-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C e F:,‘7
Source Propagation from RELAY-2D to BATTERY-2A -

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C ¢+
T " "rce Propagation from BATTERY-2A

1yp: RESISTIVE-SHORT-CIRCUIT BUS-2C

Page 1
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Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2C
Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from BUS-2A to SENSOR-28B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-28
Source Propagation from SENSOR-28 to RELAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from RELAY-2B to SOLAR-ARRAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT 8US-2C
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT 8US-2C
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: Resistive-Short-Circuit BUS-2C
Sink Propagation from BUS-2C to RELAY-2H

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Predicted Current Effect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Sink Propagation from BUS-2D to RELAY-2Q

FFFault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Sink Propagation from RELAY-2Q te LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
End-Sink Propagation from LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Sink Propagation from BUS-2D to RELAY-2R

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Sink Propagation from RELAY-2R to LOAD-2R

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
End-Sink Propagation from LOAD-2R

Fault-hyp: Resistive-Short-Circuit BUS-2C
Sink Propagation from BUS-2C to RELAY-2J

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-2C
Sink Propagation from RELAY-2J to SENSOR-3G

Reject Fault Hypothesis RESISTIVE-SHORT-CIRCUIT at BUS-2C
Reason: Predicted Effect Is Inconsistent at Sensor SENSOR-3G
Predicted value: LOW
Treser vglus: HIGH

/P! Resigstivm-Shart-Cirruit RIIS-2N

2/37/86 16:34:19
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Source Propagation from BUS-3D to SENSOR-3G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-3G
Source Propagation from SENSOR-3G to RELAY-2J

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2J to BUS-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source-Propagation from BUS-2C to SENSOR-2F
Sink-Propagation from BUS-2C to RELAY-2H

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-30D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F
Source Propagation from SENSOR-2F to RELAY-2F

FFFault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-~2E
Source Propagation from SENSOR-2E to RELAY-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2E to BUS-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-28 to SENSOR-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2D
Source Propagation from SENSOR-2D to RELAY-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2D to BATTERY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-30
End-Source Propagation from BATTERY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT 8US-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2C
Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-2A to SENSOR-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
SSSource Propagation from RELAY-2B to SOLAR-ARRAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: RESISTIVE-SHORT~CIRCUIT BUS-30
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

T~ -hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
* Propagation from RELAY~2A to SOLAR-ARRAY-2A

2717786 165:34:13
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?ault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-20

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from BUS-20 to RELAY-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-30D
End-Sink Propagation from LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from BUS-2D to RELAY-2R

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2R to LOAD-2R

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-30D
End-Sink Propagation from LOAD-2R

FFFault-hyp: Resistive-Short-Circuit BUS-3D
Sink Propagation from BUS-30 to RELAY-3M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-3M to LOAD-3M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-3M

Fault-hyp: Resistive-Short-Circuit LOAD-3M
Source Propagation from LOAD-3M to RELAY-3M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-3M to BUS-3D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from BUS-3D to SENSOR-3G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-3G
Source Propagation from SENSOR-3G to RELAY-2J

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-2J to BUS-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source-Propagation from BUS-2C to SENSOR-2F
Sink-Propagation from BUS-2C to RELAY-2H

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F
Source Propagation from SENSOR-2F to RELAY-2F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2E
Source Propagation from SENSOR-2E to RELAY-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
""" ~-e Propagation from RELAY-2E to BUS-2B

WD: RESISTIVF-SHNRT-CTRMAIITY | AAMA_ 1
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Source Propagation from BUS-28 to SENSOR-20

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2D
Source Propagation from SENSOR-2D to RELAY-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-20 to BATTERY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
End-Source Propagation from BATTERY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2C
Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from BUS-2A to SENSOR-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-28 to SOLAR-~ARRAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
End-Source Propagation from SOLAR-ARRAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Predicted Current Effect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
End-Sink Propagation from LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Sink Propagation from BUS-2D to RELAY-2R

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
Sink Propagation from RELAY-2R to LOAD-2R

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3M
End-Sink Propagation from LOAD-2R

~ing A11 Initial Fault Hypotheses:

2717/86 16:34.13
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RESISTIVE-SHORT-CIRCUIT BUS-2C
CLOSED-RELAY RELAY-3N
CLOSED-RELAY RELAY-3K
RESISTIVE-SHORT-CIRCUIT BUS-30D
RESISTIVE-SHORT-CIRCUIT LOAD-3M
SHORT-CIRCUIT BUS-3D
SHORT-CIRCUIT LOAD-3M

Reporting Firal Fault Hypotheses:

CLOSED-RELAY RELAY-3N
CLOSED-RELAY RELAY-3K
RESISTIVE-SHORT-CIRCUIT BUS-3D
RESISTIVE-SHORT-CIRCUIT LOAD-3M

Program halted.

Ending run at 2/17/86 16:33:51.
=> watch
=> dribble
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Readings at SENSOR-1D

Normal Voltage: 34.062412
Faulted Voltage: 34.062412
Qual Voltage: NORMAL
Normal Current: 0.195312
Faulted Current: 0.097656
Qual Current: NORMAL

Readings at SENSOR-18

Normal Voltage: 36.24991
Faulted Voltage: 36.24991
Qual Voltage: NORMAL
Normal Current: 0.878904
Faulted Current: 0.97656
Qual Current: NORMAL

Readings at SENSOR-1A

Normal Voltage: 36.562405
Faulted Voltage: 36.562405
Qual Voltage: NORMAL
Normal Current: 1.074216
-Faulted Current: 1.074216
Qual Current: NORMAL

Program halted.

Ending run at 2/13/86 15:44:27.

=> reset

Resetting ART...

Knowledge base has been reset.

=> run

Beginning run at 2/13/86 15:45:17: type “C to halt.
Program halted.

Ending run at 2/13/86 15:47:03.

=> Beginning run at 2/13/86 15:47:05: type ~C to halt.

Initializing Circuit Description

Create Errorbands

Assigning Qualitative Values to Sensors

Hypothesizing Faults:

Fault-Hypothesis: Closed-Relay RELAY-3N

Fault~Hypothesis: Closed-Relay RELAY-3M

Fault-Hypothesis: Resistive-Short-Circuit 8US-3D

Fault-Hypothesis: Resistive-Short-Circutt LOAD-3K

Fault-Hypothesis: Short-Circuit BUS-3D

Fault-Hypothesis: Short-Circuit LOAD-3K

“ault Hypothestis Resistive-Short-Circuit at BUS-30

Sl

2713786 15:50:02
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.Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-3G

Reject Fault Hypothesis Closed-Relay at RELAY-3M

Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-3G

Reject Fault Hypothesis Closed-Relay at RELAY-3N

Reason: Predicted Voltage Effect Is Inconsistent at Sensor SENSOR-3G

Fault-hyp: Short-Circuit BUS-3D
Source Propagation from BUS-3D to SENSOR-3G

Fault-hyp: SHORT-CIRCUIT BUS-3D

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-3G

Source Propagation from SENSOR-3G to RELAY-2J

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2J to BUS-2C

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source-Propagation from BUS-2C to SENSOR-2F
Sink-Propagation from BUS-2C to RELAY-2H

Fault-hyp: SHORT-CIRCUIT BUS-3D

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F

Source Propagation from SENSOR-2F to RELAY-2F

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: SHORT-CIRCUIT BUS-3D

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2E

Source Propagation from SENSOR-2E to RELAY-2E

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2E to BUS-2B

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-28 to SENSOR-2C

Fault-hyp: SHORT-CIRCUIT BUS-3D

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2C

Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-2A to SENSOR-28

Fault-hyp: SHORT-CIRCUIT BUS-3D

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-28

Source Propagation from SENSOR-28 to RELAY-28

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2B to SOLAR-ARRAY-2B

Fault-hyp: SHORT-CIRCUIT BUS-3D
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: SHORT-CIRCUIT BUS-30D

Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A

Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: SHORT-CIRCUIT BUS-3D
© "-Re~rce Propagation from SOLAR-ARRAY-2A

sP: SHORT-CIRCUIT 8US-30D

2/13/86 15:50:02
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Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: SHORT-CIRCUIT BUS-3D
Predicted Current Effect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from 8US-20 to RELAY-2K

Fault-hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2K to LOAD-2K

Fault-hyp: SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-2K

Fault-hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from BUS-2D to RELAY-2M

Fault-hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2M to LOAD-2M

Fault-hyp: SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-2M

Fault~hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-2Q

Fault-hyp: Short-Circuit BUS-3D
Sink Propagation from BUS-3D to RELAY-3K

Fault-hyp: SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-3K to LOAD-3K

Fault-hyp: SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-3K

Fault-hyp: Short-Circuit LOAD-3K
Source Propagation from LOAD-3K to RELAY-3K

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-3K to BUS-3D

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-3D to SENSOR-3G

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-3G
Source Propagation from SENSOR-3G to RELAY-2J

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2J to BUS-2C

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source-Propagation from BUS-2C to SENSOR-2F
Sink-Propagation from BUS-2C to RELAY-2H

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F
Source Propagation from SENSOR-2F to RELAY-2F

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from REGULATOR-2A to SENSOR-2E

T 't -hyp: SHORT-CIRCUIT LOAD-3K
~ed Current Effect: HIGH Consistent at Sensor SENSOR-2E
Jropagation from SENSOR-2E to RELAY-2E

2/13/86 15:50:02
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Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2E to BUS-2B

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2C
" Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-2A to SENSOR-2B

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-2B

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2B8 to SOLAR-ARRAY-28

Fault-hyp: SHORT-CIRCUIT LOAD-3K
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: SHORT-CIRCUIT LOAD-3K
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Sink Propagation from BUS-2D to RELAY-2K

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2K to LOAD-2K

Fault-hyp: SHORT-CIRCUIT LOAD-3K
End-Sink Propagation from LOAD-2K

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Sink Propagation from BUS-2D to RELAY-2M

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2M to LOAD-2M

Fault-hyp: SHORT-CIRCUIT LOAD-3K
End-Sink Propagation from LOAD-2M

Fault-hyp: SHORT-CIRCUIT LOAD-3K .
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: SHORT-CIRCUIT LOAD-3K
T 7 “'nk Propagation from LOAD-2Q

'YP: Resistive-Short-Circuit BUS-3D

2713786 15:50:02
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vSource Propagation from BUS-3D to SENSOR-3G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-3G
Source Propagation from SENSOR-3G to RELAY-2J

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2J to BUS-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source-Propagation from BUS-2C to SENSOR-2F
Sink-Propagation from BUS-2C to RELAY-2H

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F
Source Propagation from SENSOR-2F to RELAY-2F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2E
Source Propagation from SENSOR-2E to RELAY-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2E to BUS-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from BUS-2B to SENSOR-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2C
Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-30
Source Propagation from BUS-2A to SENSOR-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-28
Source Propagation from SENSOR-2B to RELAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2B to SOLAR-ARRAY-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT 8US-30
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predfcted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Predicted Current E€ffect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Tttt ovup: RESISTIVE-SHORT-CIRCUIT BUS-3D
)paagation from RUS-2D ta RFIAY-OK

2/13/86 15:50:02 Page 16
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Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2K to LOAD-2K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-2K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from BUS-20 to RELAY-Z2M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2M to LOAD-2M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-2M

Fault-hyp! RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-2Q

Fault-hyp: Resistive-Short-Circuit 8US-3D
Sink Propagation from BUS-3D to RELAY-3K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
Sink Propagation from RELAY-3K to LOAD-3K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT BUS-3D
End-Sink Propagation from LOAD-3K

Fault-hyp: Resistive-Short-Circuit LOAD-3K
Source Propagation from LOAD-3K to RELAY-3K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-3K to BUS-3D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-3D to SENSOR-3G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-3G
Source Propagation from SENSOR-3G to RELAY-2J

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2J to BUS-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source-Propagation from BUS-2C to SENSOR-2F
Sink-Propagation from BUS-2C to RELAY-2H

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2F
Source Propagation from SENSOR-2F to RELAY-2F

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2F to REGULATOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from REGULATOR-2A to SENSOR-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2E
Source Propagation from SENSOR-2E to RELAY-2E

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2E to BUS-28

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-28 to SENSOR-2C

“-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
cted Current Effect: HIGH Consistent at Sensor SENSOR-2C

2/13/86 15:50:02
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Source Propagation from SENSOR-2C to RELAY-2C

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2C to BUS-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-2A to SENSOR-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-28 to SOLAR-ARRAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: HIGH Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Predicted Current Effect: LOW Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from BUS-2D to RELAY-2K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2K to LOAD-2K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
End-Sink Propagation from LOAD-2K

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from BUS-2D to RELAY-2M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2M to LOAD-2M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
End-Sink Propagation from LOAD-2M

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from BUS-2D to RELAY-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
Sink Propagation from RELAY-2Q to LOAD-2Q

Fault-hyp: RESISTIVE-SHORT-CIRCUIT LOAD-3K
End-Sink Propagation from LOAD-2Q

Reporting A1l Initial Fault Hypotheses:

SHORT-CIRCUIT LOAD-3K

SHORT-CIRCUIT BUS-3D

RESISTIVE-3HORT-CIRCUIT LOAD-3K
“3ISTIVE-SHRORT-CIRCUIT BUS-3D

2/13/86 15:50:02 Page 18
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CLOSED-RELAY RELAY-3M

CLOSED-RELAY RELAY-3N

Reporting Final Fault Hypothases:

SHORT-CIRCUIT LOAD-3K

SHORT-CIRCUIT BUS-20

RESISTIVE-SHORT-CIRCUIT LOAD-3K

RESISTIVE-SHORT-CIRCUIT BUS-3D

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Fauited Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Readings at SENSOR-3Z

33.124916
33.124816
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-2Z

33.124916
33.124916
NORMAL

0.0
0.0 -
NORMAL

Readings at SENSOR-1Z

33.437412
33.437412
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-3G

29.687424
3.4374812
Low

1.1328096
3.3533664
HIGH

. Readings at SENSOR-2G

Normal Voltage:
Faulted Voltage:
Qual voltage:

Normal Current:
Faulted Current:
Tt Current:

29.687424
3.7499905
Low

1.1328096
0.1171872
ZERO

1!

2/13/88 15:50:02
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Readings at SENSOR-1G

Normal Voltage: 29.687424
Faulted Voltage: 29.374924

Qual Voltage: NORMAL

Normal Current: 1.95312

Faulted Current: 1.8140576

Qual Current: NORMAL

Readings at SENSOR-3F
Normal- Voltage: 0.0
Faulted Voltage: 0.0

Qual Voltage: NORMAL
Normal Current: 0.0
Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3E
Normal Voltage: 0.0
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: -0.097656
Faulted Current: -0.087656

Qual Current: NORMAL

Readings at SENSOR-3C
Normal Voltage: 0.0
Faulted Voltage: 0.0
Qual Voltage: NORMAL

Normal Current: 0.0

Faulted Current: 0.0
Qual Current: NORMAL

Readings at SENSOR-3D

Normal Voltage: 5.6249857
Faulted Voltage: 5.6249857

Qual Voltage: NORMAL
Normal Current: 0.0

Faulted Current: 0.097656
Qual Current: NORMAL

Readings at SENSOR-38

Normal Voltage: 0.9374976
Faulted Voltage: 0.9374976

Qual Voltage: NORMAL
Normal Current: 0.0,

Faulted Current: 0.0
Qual Current: NORMAL

‘gs at SENSOR-32

3l Voltage: 0.3374978

2/12/88 15:50:02
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Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voitage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
"' Yoltage:

Current:

ETHANOL : >DONNA>short6.out.

0.8374976
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-2F

30.624922
4.999987
Low

2.4414
3.515616
HIGH

Readings at SENSOR-2E

34.062412
8.437478
LOwW

2.4414
3.613272
HIGH

Readings at SENSOR-2C

35.31241
10.312473
Low

2.4414
3.613272
HIGH

Readings at SENSOR-2D

34.062412
8.749977
Low

0.097656
0.0
ZERO

Readings at SENSOR-28

36.562405
11.56247
Low

1.2695279
1.855464
HIGH

Readings at SENSOR-2A

36.24991

"11.56247

Low
1.171872

13
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Fauited Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Quatl Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

1.757808
HIGH

Readings at SENSOR-1F

29.899924
29.999924
NORMAL

2.148432
2.148432
NORMAL

Readings at SENSOR-1E

34.062412
34.062412
NORMAL

2.148432
2.148432
NORMAL

Readings at SENSOR-1C

35.31241
35.31241
. NORMAL

1.98312
1.95312
NORMAL

Readings at SENSOR-1D

34.062412
34.062412
NORMAL

0.196312
0.188312
NORMAL

Readings at SENSOR-18

36.24991
36.24991
NORMAL

0.97656
0.97656
NORMAL

‘ Readings at SENSOR-1A

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Al Current:

36.562405
36.562405
NORMAL

0.97656
0.97656
NORMAL

2/13/786 15:50:02
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Program halted.

Ending run at 2/13/86 15:49:12.
=> watch

=) dribble

L g

15
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ETHANQL : >DONNA»Gpen.out. 1

Fault-hyp: Open-Circuit RELAY-2C
Source Propagation from RELAY-2C tc BUS-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Source Propagation from BUS-2A to SENSOR-28

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2B
Source Propagation from SENSOR-2B to RELAY-2B

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Source Propagation from RELAY-2B to SOLAR-ARRAY-28

Fault-hyp: OPEN-CIRCUIT RELAY-2C
End-Source Propagation from SOLAR-ARRAY-2B

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Source Propagation from BUS-2A to SENSOR-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2A
Source Propagation from SENSOR-2A to RELAY-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Source Propagation from RELAY-2A to SOLAR-ARRAY-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2C
End-Source Propagation from SOLAR-ARRAY-2A

Fault-hyp: Open-Circuit RELAY-2C
Sink Propagation from RELAY-2C to SENSOR-2C

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2C
Sink Propagation from SENSOR-2C to BUS-2B

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Sink Propagation from BUS-28 to RELAY-2E

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Sink Propagation from RELAY-2E to SENSOR-2E

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2E
Sink Propagation from SENSOR-2E to REGULATOR-2A

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Sink Propagation from REGULATOR-2A to RELAY-2F

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Sink Propagation from RELAY-2F to SENSOR-2F

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2F
Sink Propagation from SENSOR-2F to BUS-2C

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Sink Propagation from 8US-2C to RELAY-2H

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Sink Propagation from RELAY-2H to SENSOR-2G

Fault-hyp: OPEN-CIRCUIT RELAY-2C
Predicted Current Effect: ZERO Consistent at Sensor SENSOR-2G
Sink Propagation from SENSOR-2G to BUS-2D

wult-hyp: OPEN-CIRCUIT RELAY-2C
a2k Propagation from BUS-2D to RELAY-2N

.-hyp: OPEN-CIRCUIT RELAY-2C
_+ Propagation from RELAY-2N to LOAD-2N

2/08/86 14:26:28
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‘ONNA>open .out.1

Propagation from BUS-2A to SENSOR-2A

Fault Hypothesis RESISTIVE-SHORT-CIRCUIT at SOLAR-ARRAY-28
Predicted Effect Is Inconsistent at Sensor SENSOR-2A

:dicted Value: HIGH

sor Value: ZERO

ng All Initial Fault Hypotheses:

‘EN-CIRCUIT SOLAR-ARRAY-2A
SISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-2A
'EN-CIRCUIT SOLAR-ARRAY-2B
.SISTIVE-SHORT-CIRCUIT SOLAR-ARRAY-28

‘EN-CIRCUIT RELAY-2C

'EN-CIRCUIT BUS-2A

ng Final Fault Hypotheses:

PEN-CIRCUIT RELAY-2C

PEN-CIRCUIT BUS-2A

‘l tage:

SENSOR-3Z
33.124916
ed Voltage: 0.0
Voitage: NORMAL
1 Current: 0.0
ed Current: 0.0
Current: NORMAL

s at SENSOR-2Z

I Voltage:
2d Voltage:
voltage:

1 Current:
2d Current:
Current:

33.437412
0.0
NORMAL

0.0
0.0
NORMAL

s at SENSOR-1Z

1 Voltage:
2d Voltage:
Joltage:

1 Current:
2d Current:
Zurrent:

33.437412
0.0
NORMAL

0.0
0.0
NORMAL

’SENSOR -3G

! Voltage: 0.0 C F'q
:d Voltage: -0.0390624 ’
Joltage: NORMAL \

0
1 Current: 0.0
2d Current: -0.0390624
Current: NORMAL

2/708/86 14:26:28
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‘ ETHANOL : >DONNA>open.out. 1

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Tet 7 ygltage:
yltage:

0.9374976
0.0
NORMAL

0.097656
0.0
NORMAL

Readings at SENSOR-3A

0.9374976
0.0
NORMAL

0.0
0.0
NORMAL

Readings at SENSOR-2F

30.312422
0.0
ZERO

2.6367118
0.0
ZERO

Readings at SENSOR-2E

33.749%812
0.097656
ZERO

2.6367118
0.097656
ZERO

Readings at SENSOR-2C

35.31241
0.0

ZERO
2.5390558
0.0

ZERO

Readings at SENSOR-2D

33.749912
0.0
ZERO

0.0
0.0
NORMAL

Readings at SENSOR-2B

36.24991
0.0
NORMAL

2/08/88 14:26:28
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‘ ETHANOL : >DONNA>open. out. &

Normal Current:
Faulted Current:
Qual Current:

1.2695279
0.0
ZERO

Readings at SENSOR-2A

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

36.24991
0.097656
NORMAL

1.3671839
0.097656
ZERO

Readings at SENSOR-1F

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

29.999924
2.050776
NORMAL

2.050776
2.050776
NORMAL

Readings at SENSOR-1E

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

34.062412
2.050776
NORMAL

2.148432
2.050776
NORMAL

Readings at SENSOR-1C

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
Faulted Current:
Qual Current:

35.31241
1.85312
NORMAL

1.95312
1.95312
NORMAL

. Readings at SENSOR-1D

34.062412
0.195312
NORMAL

0.195312
0.195312
NORMAL

Readings at SENSOR-1B

Normal Voltage:
Faulted Voltage:
Qual Voltage:

Normal Current:
“aulted Current:
1al Current:

36.24991
0.878904
NORMAL

0.878904 s

0.878304
NORMAL

2445786

14:26:28
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A.

1.0

2.0

3.0

System Overview

This section is a high level description of the normal operation
of the FIES system in terms of data flow across the interfaces
of the system. For the purposes of this description four
interfaces have Dbeen identified. These interfaces are
breadboard to microprocessor, microprocessor to symbolics,
symbolics to microprocessor and microprocessor to breadboard.

There are two distinct processing phases in the FIES system.
The first phase 1is 1initialization phase which begins with
breadboard, microprocessor and symbolics power up, includes user
selection and download of an 1initial configuration for the
breadboard and concludes when the microprocessor notifies the
Symbolics that the breadboard has achieved steady state
configuration. The second phase begins with fault insertion

into a steady state configuration and concludes with the

successful isolation and correction of a fault by the expert
system.

Initialization

Power up microprocessor and breadboard

Power is applied simultaneously to the microprocessor and the
breadboard by throwing the ''power on" circuit breaker on the
main control panel. This results in self test by both the
microprocessor and B/B. Following successful self test the
breadboard is placed in ‘a safe' default configuration.

Microprocessor Initial Program Load

Following successful self test, control is transferred to a
command file that loads the microprocessor FIES application
software. Interrupts from the breadboard are enabled and the
microprocessor begins handling interrupts from the breadboard
and storing data in memory tables. This data acquisition cycle
repeats 1itself every 3 milliseconds. Interrupts from the
Symbolics are also enabled.

Power Up Symbolics

Power on to the Symbolics results in self test by the Symbolics.

C-3
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4.0

5.0

6.0

7.0

8.0

Symbolics system Software Initial Program Load

Following successful self test, Symbolics system software is
loaded into memory. Communication between the Symbolics and the
microcomputer is now established and is confirmed by a control
sequence handshake.

Initial Configuration Load

Following successful Symbolics IPL, the user is prompted with a
configuration load option menu. Following selection of a
configuration option, the Symbolics downloads the selected
configuration to the microprocessor. Interrupts from the
microprocessor are enabled and the Symbolics waits for the
microprocessor upload of the steady state data values.

Microprocessor Configuration Load

Configuration load from the Symbolics interrupts the
microprocessor. The interrupt 1is handled by an Interrupt
Service Request and control is passed to a program that sets the
breadboard to the initial configuration and records the initial
configuration and the error band data in memory tables.

Microprocessor Steady State Detect

The microprocessor then begins sampling the breadboard a 3 ms.
intervals until steady state is detected. When steady state is
detected the steady state values are uploaded to the Symbolics.
Following this upload the microprocessor enables interrupts from
the Symbolics and continues to sample data from the breadboard.

Symbolics Steady State Detect

A steady state condition upload from the microprocessor results
in an interrupt at the Symbolics. An communication handler
reads the data and places the data in a global area of memory.
A message is sent to the expert system that the steady state
condition has been received. The expert reads the steady state
values, performs preliminary processing and goes to sleep.
Interrupts from the microprocessor are enabled. A message is
output to the terminal indicating that the initial configuration
has been successfully initialized and that the system is ready
for fault insertion. This concludes initialization processing.

09521/1522¢



B.

1.0

2.0

3.0

4.0

Fault Isolation

Fault Insertion

The user determines which faults are applicable to the current
configuration by analyzing the LED display and the system
architecture map on the front panel. The user inserts a fault
into the steady state configuration, using the front panel of
the breadboard.

Microprocessor Fault Detection

The microprocessor is currently sampling nominal conditions on
the breadboard a 3 ms. intervals. When a data point is sampled
outside the error tolerance specified by the error bands, the
microprocessor uploads the exception values to the Symbolics.
This is defined to be an unsolicited data transfer. Following
an unsolicited data transfer, the microprocessor disables
interrupts from the breadboard, enables interrupts from the
Symbolics. If the Symbolics does not respond within 5 ms. a
watchdog timer fires, triggering a routine that places the
breadboard into a 'safe" condition. The error band(s) violated
are then in "Emergency' condition.

Symbolics Fault Detection (Unsolicited Data Transfer)

An upload by the microprocessor to the Symbolics interrupts the
Symbolics. A service routine handles the interrupt and places
the data into global memory. A message is sent to the expert
system that an exception has occurred. This triggers the expert
to read the data and to begin fault evaluation.

Symbolics requests for data (solicited request for data)

The expert may require further data from the microprocessor
concerning the status of the breadboard. In this event, the
Symbolics sends an interrupt to the microprocessor. The
Symbolics then waits on a response VIA Rs232 XMIT from the
microprocessor. The microprocessor handles the RS232 interrupt,
interprets the requests, reads the data from A/D and sends an
interrupt VIA RS232 XMIT to the Symbolics. On the Symbolics
side an ISR handles the interrupt, places the data in a global
area of memory and sends a message to the expert that the data
has been received.

C-5
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5.0

6.0

Symbolics requests for controls (Solicited request for control)
The expert may require controls on its behalf by the
microprocessor. The sequence of events for requesting a control
is the same as that described above. The control is performed
by the microprocessor.

Evaluation loop until fault determination

The 1loop described by 3.0-5.0 <continues wuntil fault
isolation/correction. :

C-6
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II. Microprocessor system software modular profile

A. Hierarchical decomposition

1.0 Self

2.0 Data
2.1

2.2

3.0 Main
3.1
3.2

3.3

test

acquisition
Combination I/0 board handler

A/D board handler

driver

Emergency band violation handler
Caution/warning band handler

Command interpreter

3.3.1 Request for data handler

3.3.1.1 Micro computer transmission handler
3.3.2 Request for control handler
3.3.2
3.3.3

.1 Microcomputer relay control handler
Request for initial configuration handler

B. Software Module Descriptions

1.0 Module name: Self Test

a.

0952I/1522¢g

Responsibilities
Check safe breadboard operation following power up.
Description

This program will be executed on power-up or when the user
switches the system into self test from the from panel.

This program is interrupt driven by the CPU board timer on
level 4. It is also resident in memory with the main
program, but totally reconfigures the system. If the
breadboard is to be re-started as aslave to the expert
system, the main program must be re-entered from the top.

- C-7



The program re-configures the 3 mSec clock CPU board to be
2 seconds. With every 2 second IRQ, the program closes
another relay (according to a predefined configuration
list) and limit checks the results (also predefined). The
relays are closed in a direction from the power modules
towards the loads, allowing power to be applied
methodically to the system. The 2 second period allows the
user time to watch the process (specifically the power
output needles on the H.P. power supplies).

¢. Subordinate routines
None

d. Implementation
8086 assembler

2.0 Data Acquisition
2.1 Module name: Combination I/Q Board Handler

a. Responsibilities:
Service Main Control Panel

b. Description
The function of this module is to display current values to
the 24 character LED and to handle faults inserted into the
breadboard from the control panel. There are & sources of
interrupts that must be handled. These sources and their
lit positions to be polled are shown below.
1 ms. tier for switch debounce

(DBO)
Gas Discharge Display - RCVR Empty
(DB1)
Gas Discharge Display - XMIT Empty
(DB2)
User Repeat Function
(DB7)

This routine executes every 1 millisecond, provided no
higher interrupt levels are currently being serviced. Its
execution time will normally be extremely short, since the
primary responsibility is to check if any of the main panel
switch settings have been changed.

c. Subordinate routines
None

d. Implementation

09521/1522g
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2.2 Module name: A/D Board Handler

‘ a.

09521/1522g

Responsibilitieé
Service A/D Board Conversions

The sampling Timer on the CPU board is the only source of
interrupts on level 4.

Description

Although each board (there are 4) is capable of giving an
IRQ when it has completed the conversion process, we choose
to use an external timer. The rationale is as follows:

An A/D conversion is composed of the following delay
elements: channel select, analog mux delay, A/D conversion
settling time, digital gain control. The last two elements
are of variable delay and may not even be one on some
boards. If each board supplied its own IRQ, we may become
"out of sync" in our sampling.

If we choose to consider handling power system faults which
decay with time, we will need to dynamically adjust our
sampling rate. The use of a single programmable timer to
do this allows us this flexibility.

The timer is therefore set to  approximately 3
milliseconds. At the timer IRQ, the handler starts at the
top of the list of measurements and does limit checking on
the fly. There is more than enough time to complete the
entire list of measurements (even if the other IRQ handlers
interrupt this program) prior to the next timer IRQ.

Since the boards are not individually IRQ driven, care must
be taken to insure that good measurements are read, and
that the loop timing is minimized. The following sequence
of events should be observed:

1. Select a channel of A/D Board 1 and command the
conversion to start.

2. Do the same for Boards 2, 3, 4.

3. Poll Board #1 until conversion complete and read
measurement.

4, Select a new channel on Board 1 and restart
conversion.

5. Limit check old Board 1 results.

6. Perform steps 3,4,5 rotating through the sequence
Board 2, 3, 4, 1, 2, 3, 4, . . . etc.




The total conversion time 1is -only on the order of 25
microseconds, so approximately 125 steps of the 8086 tMhz clock
need to be stepped off. This is approximately 15 assembly level
instructions with which to do 1limit checking. The 1limit
checking process will require on the order of 25 assembly level
instructions. Therefore, the limit checking 1is somewhat buried
some of checking time in the conversion time. There are &
boards which require 16 measurements each.

4 x 16 x 25 microseconds = 1.60 milliseconds, so the 3
millisecond timing loop is adequate, leaving 1.4 milliseconds
for the non-buried 1limit checking and any communications
interrupts. The 3 milliseconds represents the smallest possible
sampling interval.

c. Subordinate routines
None
d. Implementation

8086 assembler

3.0 Module name: Main driver
a. Responsibilities

Initialization of breadboard to steady state following
power up. Error flags detection during normal operations.
Should an error be detected, it is the responsibility of
the main program to activate the appropriate error handlers.

b. Description

The main program will place the breadboard in a safe state
following power up. This includes opening all of the
relays and placing the system in a stable configuration.
Main will then wait on interrupts. Interrupts will be
enabled from the breadboard, in the contest of a data
acquisition cycle, on the RS232 port, in the context of
experts systems requests from the microprocessor.
Interrupts from the Symbolics have the higher priority.
When such an interrupt is detected, control is passed to
the command interpreter, described below. An interrupt
from the breadboard triggers the error/caution/warning
detection cycle, performed by the routines described in
sections.

Main will run in one of two states. The first state is
monitor steady state configuration mode. This occurs only
following initial configuration. Here, main waits to
detect a steady state. Upon steady state detection, a
complete set of node information is uploaded to the
Symbolics.

c-10
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The second state 1is fault detection scan. Here main
handles interrupts from the breadboard and passes control
to subordinate routines for emergency/warning/caution
detection processing.

c. Subordinate Programs:
3.1 Emergency band violation handler
3.2 Caution/warning band handler
3.3 Command Interpretor

d. Implementation
8086 assembler

3.1 Module name: Emergency band violation handler (acts as a
software circuit breaker)

a. Responsibilities
Detect and flag voltage and current measurements out of
range and set relays in order to ensure safe breadboard
operation.

b. Description
This program is activated when a node has violated the
EMERGENCY board limit for either current or voltage. The
routine is responsible for determining that the measurement
is not spurious, and that the error condition is stable.
This routine commands the opening of the relay which
controls the node(s) is the watchdog timer fires.
Following a control initiated by this module, the module
should send a message to the expert system that a relay has
been forced open or closed.

c. Subordinate routines
Microcomputer transmission handler

d. Implementation
8086 assembler

3.2 Module name: Caution/warning band handler
a. Responsibilities

09521/1522¢

Detect and flag current and voltage out of range
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Description

This program is activated when a caution or warning band
has been violated and there exists no EMERGENCY band
violation anywhere 1in the system. This routine is
responsible for building the communication stream to be
sent to the Symbolics, upon determination of an error
condition.

c. Subordinate routines
Microcomputer transmission handler

d. Implementation
8086 assembler

3.3 Module name: Command Interpreter

a. Responsibilities
Control is passed to this routine upon interruption of Main
by the Symbolics. This routine must handle the message,
parse the command byte and pass control to the appropriate
routine.

b. Description
This module is a command interpreter. Valid commands are
detailed 1in the interface software description. Upon
interrupt from the Symbolics the module places the message
in an input buffer and parses the command byte. If the
command is valid the starting address and ending address of
the data in memory are passed to the appropriate routine.
The command interpreter then returns to a read and wait
state, awaiting further interrupts from the Symbolics.

c. Subordinate routines
Request for data handler
Request for control handler
Request for initial configuration handler

d. Implementation

09521/1522g

8086 assembler
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3.3.1 Module name: Request for data handler

a.

09521/1522g

Responsibilities
Retrieve and format data for transmission to the Symbolics
Description

Control passes to this module from the command
interpreter. This routine must parse the request for data
command, determine for which nodes it must gather data,
read the data from memory, format the data for transmission
and pass the starting and ending address of the stream to
the transmission handler.

Subordinate routines

Microcomputer transmission handler

Implementation

8086 assembler
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III. Symbolics system software modular profile

A. Hierarchical decomposition

1.0 Expert system command interpreter/receiver

1.1

Unsolicited data transfer handler

1.2 Solicited data transfer handler
1.3 Unsolicited relay transfer handler
1.4 Steady state values handler

2.0 Expert system communication sender
2.1 Request for data from microprocessor
2.2 Request for control by microprocessor
2.3 Request for configuration download

B. Software module descriptions

1.0 Module name: Expert system command interpreter receiver (ESCR)

a.

09521/1522g

Responsibilities

Handle transmissions from microprocessor

Description

The ESCR will handle interrupts from the microprocessor,
validate the input stream, store the data in memory,
interpret the command byte of the header record and, based
on the value of the command byte, transfer control to the
appropriate subordinate function.

Subordinate functions

Unsolicited data transfer handler

Solicited data transfer handler

Unsolicited relay transfer handler

Steady state values handler

Implementation

Lisp machine process
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1.1 Module name: Unsolicited data transfer handler

‘ a'

Responsibilities

Interface between ESCR and expert system

b. Description
When ESCR detects and unsolicited data transfer, control is
transferred to this function. The function processes the
data, formats it for compatibility with the expert system,
transfers the data into memory and notifies the expert
system that the transfer has occurred.

c. Subordinate routines
Expert system

d. Implementation
Lisp function, called from ESCR.

1.2 Module name: Solicited data transfer handler
a. Responsibilities
‘ Interface between ESCR and expert system

b. Description
When ESCR detects an solicited data transfer, control is
transferred to this function. The function processes the
data, formats it for compatibility with the expert system,
transfers the data into memory and notifies the expert
system that the transfer has occurred.

c. Subordinate routines
Expert system.

d. Implementation
Lisp function, called from ESCR.

1.3 Module name: Unsolicited relay transfer handler
a. Responsibilities

09521/1522g

Interface between ESCR and expert system
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Description

When ESCR detects an unsolicited relay transfer, control is
transferred to this function. The function processes the
data, formats it for compatibility with the expert system,
transfers the data into memory and notifies the expert
system that the transfer has occurred.

c. Subordinate routines
Expert system

d. Implementation
Lisp function, called from ESCR.

1.4 Module name: Steady state values handler

a. Responsibilities
Interface between ESCR and expert system

b. Description
When ESCR detects and steady state value transfer, control
is transferred to this function. The function processes
the data, formats it for compatibility with the expert
system, transfers the data into memory and notifies the
expert system that the transfer has occurred.

c. Subordinate routines
Expert system

d. Implementation

Lisp function, called from ESCR.

2.0 Module name: Expert system communication sender (ESCS)

a.

09521/1522g

Responsibilities

Send transmissions to microprocessor

Description

The ESCS will download data streams to the microprocessor.
Subordinate functions

None
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d.

Implementation

Lisp function, called by routines sending data to the
microprocessor.

2.1 Module name: Request for data from microprocessor

a.

Responsibilities

Format requests for data from expert system to
microprocessor

b. Description
This function will be called by the expert system. The
expert system will specify the data items for which it
requests information. This routine will format the
request, include the transmission header information and
pass control to the ESCS for transmission of the output
stream.

c. Subordinate functions
ESCS

d. Implementation

‘ Lisp function, called from expert system.
2.2 Module name: Request for control by microprocessor

a. Responsibilities
Format requests for controls from expert system to
microprocessor

b. Description
This function will be called by the expert system. The
expert system will specify the relays for which it requests
controls. This routine will format the request, include
the transmission header information and pass control to the
ESCS for transmission of the output stream.

c. Subordinate functions
ESCS

d. Implementation

09521I/1522¢g

Lisp function, called from expert system.
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2.3 Module name: Request for configuration download

a.

09521/1522¢

Responsibilities

Format requests for initial configuration by microprocessor

Description

This function will be called from the user interface. The
function will be passed the name of the file containing the
initial configuration for the breadboard. This includes
relay-node mappings, current-voltage mappings and initial
warning and caution error bands. This routine will format
the request, include the transmission header information
and pass control to the ESCS for transmission of the output
stream.

Subordinate functions

ESCS

Implementation

Lisp function, called from user interface.
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3.3.1.1

3.3.2

3.3.2.1

Module name: Microcomputer Transmission Handler

a.

Responsibilities

Send formatted data streams to the Symbolics

Description

This module called as a subroutine to the main program, and
other service routines needing to transmit data to the
expert system. The message to be transmitted will be
placed in an input buffer somewhere in the memory of the
microcomputer. The starting and ending addresses of the
stream to be transmitted will be passed to the transmission
handler. The program will check for valid protocol and
upload the stream to the Symbolics.

Subordinate routines

None

Implementation

8086 assembler

Module name: Request for control handler

a.

Responsibilities

Perform controls on behalf of Symbolics

Description

Control passes to this module from the command
interpreter. This routine must parse the request for
controls(s) command, determine for which relays it must
execute controls and pass the relay numbers to the
microcomputer control handler.

Subordinate routines

Microcomputer relay control handler

Implementation

8086 assembler

Module name: Microcomputer Relay Control Handler

a.

09521/1522¢

Responsibilities

Control Relays
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Description

This program is non-IRQ driven and 1is called as a
subroutine to the main program, and other service routines
needing to alter the relay settings.

The board requires a 48 bit mask register to enable/disable
the system relays. The board also has an override switch
which disables all relays in the event of system power up
or emergencies.

The board handler processes a list of relay numbers which
are to be turned on. The handler constructs the 48 bit
mask to the board in 16 bit quantities.

c. Subordinate routines
None

d. Implementation
8086 assembler

3.3.3 Module name: Request for initial configuration handler

a. Responsibilities
Perform initialization per instructions contained in
configuration download message from Symbolics.

b. Description
Control passes to this module from the command
interpreter. This routine must initialize the breadboard
to the requested state and initialize data tables in
microcomputer memory. These tables 1include error band
values and node-relay mappings. This program will return
control to Main and set the monitor initial steady state
flag in Main.

c. Subordinate routines
Microcomputer relay control handler

d. Implementation

09521/1522g

8086 assembler
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IV.

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Symbolics application expert system software modular profile

Hierarchical decomposition
User interface
Configuration initialization
Fault-data initialization
Hypothesis Generation
Hypothesis mediation
Correction

Explanation

Cc-21
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B. Software module descriptions

1.0 Module name: User interface

a.

Responsibilities

Allow user to select an existing configuration or set up an
initial configuration

b. Description
This program will be implemented in Lisp or ART. It will
access a small data base of existing configurations. It
will also allow for user defined configurations. Once a
configuration has been defined, it will be downloaded to
the microsystem. Ideally, this will be an interactive
module that will incorporate the ART graphics package.

c. Subordinate functions
Request for configuration download.

d. Implementation
ART and Lisp on the Symbolics.

2.0 Module name: Configuration initialization

a. Responsibilities
Establish the system configuration description and the
error band data within the ART environment.

b. Description
This program will be implemented in ART. The circuit
components and nodes will be predefined. The operations to
be implemented will be: (1) determination of configuration
dependent source/sink relationships; and (2) insertion of
configuration dependent error bands.

c. Subordinate functions
Notice of completion sent to interface/user. System ready
to insert fault.

d. Implementation
ART module.

09521/1522g
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3.0 Module name: Fault-data initialization

d.

Responsibilities

Enter data incurred after a fault was inserted.

Description

This program will be implemented in ART. The main function
will be to enter faulted data into the ART representation
of the system.

Subordinate functions

None.

Implementation

ART module

4.0 Module name: Hypothesis generation

a.

Responsibilities

Generate hypotheses including: fault type and fault
location

Description

This module will be implemented in ART. It will be based
on: (1) qualitative reasoning; (2) source/sink
relationships; (3) fault descriptions and (4) a modular
representation of the power system.

Subordinate functions

None

Implementation

ART module.

5.0 Module name: Hypothesis mediation

a.

09521/1522g

Responsibilities

Prune off incorrect hypotheses.

Description

This module will be implemented using ART;s viewpoint
facility. The techniques used will be both causal and

hieristic-based. In specific cases, directives to flip
relays will be sent to the breadboard.
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Subordinate functions

Directives to change the relay configuration and return the
effected data.

Implementation

ART module.

6.0 Module name: Correction

a.

Responsibilities

If possible, reconfigure the system to work around the
fault. Otherwise make proper recommendations to the user.

Description

This module will be implemented in ART. It will make use
of heuristic and causal reasoning techniques when
applicable. It will send relay change directives to the
breadboard when necessary. It will  Thypothesize a
correction, analyze it, and request it.

Subordinate functions

Relay change directives will be sent to the breadboard.

Implementation

ART module.

7.0 Module name:  Explanation

a.

09521/1522g

Responsibilities

Report fault and explanation to the user.

Description

Report the fault and a trace of the reasoning path followed
to arrive at the decision. This may allow for limited user
interaction, and may incorporate graphics into the
explanation facility.

Subordinate functions

None

Implementation

ART module.
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A.

B.

1.0

2.0

Interface description

Overview

In this section we define the interfaces 1in term of
sender-receiver relationships in the system. There are 4 sender
relationships and 4 receiver relationships. Sender
relationships are breadboard to microprocessor, microprocessor
to Symbolics, Symbolics to microprocessor and microprocessor to
breadboard. Receivers are microprocessor from breadboard,
Symbolics from microprocessor, microprocessor from Symbolics and
breadboard from microprocessor.

Examination of these sender-receiver relationships allows a
framework for defining the exact data that must be transferred
across any given interface and also allow the identification of
the software modules that must be constructed in the interface
software.

Transmission senders

Breadboard to microprocessor

1.1 Requirement: Data generation
The breadboard will generate complete data sets at a 3ms.
frequency. Data acquisition by the microprocessor will be
interrupt driven. The microprocessor  must handle
interrupts, perform limit checks and store the data within
the 3 ms. time frame.

Microprocessor to Symbolics

2.1 Requirement: Unsolicited data transfers
The microprocessor must detect and report exceptions
relative to the 1initial configuration error bands. This
detection must occur within the 3 ms. data acquisition
cycle described above.

2.2 Requirement: Solicited data transfers

The microprocessor must send data to the Symbolics
following a request for data.

Cc-25
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2.3 Requirement: Report unsolicited forced controls
‘ The microprocessor must send data to the Symbolics

following a forced control. A forced control is initiated
by the microprocessor in order to prevent board failure.
This will occur only under extraordinary circumstances. In
this respect the microprocessor acts as a software circuit
breaker.

2.4 Requirement: Steady state data wvalue upload
The microprocessor will send the steady state data values
to the Symbolics following configuration load and steady
state detect.

3.0 Symbolics to microprocessor

3.1 Requirement: Configuration load

The Symbolics must send the initial configuration to the
microprocessor.

3.2 Requirement: Solicited requests for data

The Symbolics will send requests for data to the

microprocessor.
‘ 3.3 Requirement: Solicited request for control
The Symbolics will send requests for controls to the
microprocessor.
4.0 Microprocessor to breadboard

4.1 Requirement: Set safe configuration

The microprocessor must initialize the breadboard to a safe
configuration following power on self test.

4.2 Requirement: Set initial configuration

The microprocessor must initialize the breadboard to the
initial configuration requested by the user.

4.3 Requirement: Set relays on request for control

The microprocessor must respond to requests for control
from the expert.

@
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C. Transmission receivers

II 1.0

Microprocessor from breadboard

1.1 Requirement: Data Acquisition
The microprocessor must be capable of handling interrupt
driven data acquisition at the rate of 3ms. per cycle.

2.0 Symbolics from microprocessor

2.1 Requirement: Handle unsolicited data transfers
The Sfmbolics must handle interrupts from the
microprocessor, identify unsolicited data transfers and
pass the data to the expert system.

2.2 Requirement: Handle solicited data transfers
The Symbolics must handle interrupts from the

microprocessor, identify solicited data transfers and pass
the data to the expert system.

2.3 Requirement: Handle unsolicited control report
The Symbolics must handle interrupts from the
microprocessor, identify unsolicited control reports and

pass the data to the expert system.

2.4 Reqﬁirement: Handle steady state value table upload
The Symbolics must handle interrupts from the
microprocessor, identify steady state table uploads and
pass the data to the expert system.

3.0 Microprocessor from Symbolics

3.1 Requirement: Handle request for configuration load
The microprocessor must handle interrupts from the
Symbolics, identify request for a configuration load and
transfer control to the routine that performs configuration
load.

3.2 Requirement: Handle request for data (solicited)
The microprocessor must handle interrupts from the

Symbolics, identify a request for data and transfer control
to the return that performs solicited request for data.

‘ Cc-27
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3.3 Requirement: Handle request for control (solicited)

The microprocessor must handle interrupts from the
Symbolics, identify a request for control and transfer
control to the routine that handles solicited request for
control.

4.0 Breadboard from microprocessor

4.1

Requirement: Set relays

The breadboard must respond to configuration set commands
issued by the microprocessor.

D. Data transmission formats

1.0 Protocol description

1.1

1.2

1.3

1.4

09521/1522g

Header records

This section describes header records for data transmission
formats. These header records will be used to identify the
type of message that is being sent and to trigger the
appropriate receiver function on the receiver side of the
interface. Record formats are described by relative byte
address in the record.

Header record format

Command byte 0
Checksum 1-2

Trailer records
Trailer records are used to indicate end of transmission.
Trailer record format

End of transmission

Always *'
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2.0 Transmission formats
A transmission, including headers, trailers and the description
of the transmitted data is described for each of the messages in
the system.

2.1 Data generation by breadboard

2.2 Microprocessor to symbolics

2.2.1 Unsolicited data transfer
Command byte 0] always = 'u'
Checksum 1-2 16 bit integer
Node id 3-4 16 bit integer
Error type 5
v =N/A
lnl =
'c' = caution
'w! = warning
'e! = error
Error direction 6
1] ) =N/A
'h' = above limit
'1' = below limit
Voltage 7-12
Current 13-19

Repeating groups, bytes 3-19 until trailer
record is encountered (see trailer record,
end of transmission).

2.2.2 Solicited data transfer

Command byte 0 . always 's'
(same as 3.2.1.1)

2.2.3 Unsolicited relay status: relay forced closed
Command byte 0 always 'r'
Relay id 1-2
Relay status 3
'o' = open
'c' = closed
'f' = forced close

Repeating groups, bytes 1-3 until trailer
record is encountered (see trailer record,
end of transmission).

C-29
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2.2.4 Steady state table upload

Command byte 0 always 'z'
(same as 3.2.1.1)

2.3 Symbolics to microprocessor
2.3.1 Configuration load
Command byte o always 'i'
Checksum 1-2 16 bit integer
Node id 3-4 16 bit integer
Voltage flag 5

1 = measure voltage

0 =don't
Current flag 6
Error band low 7-12

Warning band low 13-18
Caution band low 19-24
Error band high 25-30
Warning band high 31-36
Caution band high  37-42

Repeating group of bytes 3-42 until end of
transmission

2.3.2 Requests for data transfer (solicited)

Command byte 0 always 'd'
Node id 1-2

Repeating groups of bytes 1-2 until end of
transmission

2.3.3 Requests for control

Command byte 0
Relay id 1-2
Relay status 3

‘o' open

'e! closed

£ force close

always 'c'

Repeating groups, bytes 1-3 until trailer
record is encountered (see trailer record,
end of transmission).

2.3.4 Microprocessor to breadboard

2.3.4.1 Set relays

C-30
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E. Command function summary

‘ 1.0 Microprocessor to symbolics

2.0 Symbolics

09521/1522g

returning unsolicited data
returning solicited data
returning unsolicited relay status

returning steady state value table

to microprocessor
configuration load
request for data

request for control
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FIES Expert System Rules with Translation
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SUBSYSTEM AUTOMATION STUDY BREADBOARD

Drawing {#PL849PABB1000

Item # Parti# Description MFG QTY
1 P-10 10.5" Panels Optima 3
2 849PABB1500 Main Control Assembly 1
3 849PABB1600 Power System Assembly 1
4 849PABB1700 Battery System Assembly 1
5 HP6255A-010 Power Supply Hewlett Packard 3
6 HP6264B-010  Power Supply Hewlett Packard 1
7 849PABB1900 Microcomputer Disk Drive Intel 1
8 849PABB1400  Microcomputer Assembl? Intel 1
9 849PABB1300 Fault Insertion Assembly 1

10 849PABB1200 Map Assembly 1
11 G-319 Ventillation Grille Optima 5
12 849PABB1100 Voltage Regulator 1

Numbers which end in 1 are schematics. Drawings beginning in PL are
parts lists for the assembly drawings which follows:

1000 - Top Level assembly

11 - First assembly beneath top level

12 - Second assembly beneath top level
1110 - First assembly beneath second level

E- )



f]

(i

D,

loe ©0 Do O

.MO.OO‘GO..O“
*

loe ©e ©0-Qoe

.w.m.

-DHe *

-©e )

®

D g8

—-O8 0o

©e Qo

0 g3

R

pREGetitgtyim

[l s s - - e ey
R e 0 D SN N 0 S ¢ S
| S - 00 R A S A | P
”..

o Qe [ ]

T

kN

-

[geereslyge?

\8’

HEl S0 IS S SANUE SN WA

DR Y Y
t

7

) 0 0 O A A O
e 0

pu e

T
s
b

]

—?

OE POOR QUALITY

DRIGINAL PAGE IS

YSTEM AUTOMATION STOUDY

YERTEM ASSEMBLY DRAWING

SUERS

POWER

)

=

a 1y
o
Lo
_ )
<y
<y |
e 1T
i w
(Y]
!
<T
n.
M.._
2
(]
2
[a]
w
(@]
P
O
pd
= —
> |
u
s <L |z
w w




nates
(LI OTWTRIE. TR}

>

e MY (BACK OR GO AL
- SMETY ORI BACLT) L.

e TR, QTR O ) PR
(5> s e conne ane e 3T,

ST=T

3 COMUKTOR, o Ava

A

AC womne iasmam

Y -OLDOUT FRAME

R

OF POOR QUALITE

ORIGINAL PAGE IS

=

RTSY

£-3



1 L | 80 NI

1 i} Y
= e v m
] E2Th LRt Py ——
sz | D wm.lwnglns!.n 4
- oo g o rons| ] WOUVMOWOD viImWYH MULVYW m
A1BWISSY AoV z
-AUN4s zo_.;io..:.a W3I1SASEOS ¥IMOd Y
NN IWIS B-8 NOI173S DSINW S INON tAwvIS
IV £ V-V NOI173S
YNOQYYH ONILNOOW [
DSIIvVUd T uuﬂz< 30115 SISSVYHD
$3Ivd S
[
“
didls MINOL (M \ N3INVS WOL108
i $3IvVd 2
i
I d
| - |
I INIWHOVLLY 40 QONIIW
| QNY NOILVIOT 3Q11S
_ No EHISAY
$IVvVId & __n NI NMOHS MIMYUQ
2l _
. | »
3] ! E il
M nnw INON:TWTS ¥V -M3IIA SONTIWIS I 5 IVIT
M R . 16 LINISVD
m m 26 1INGVI
o
(o) : o)
SIIA 00%
LaNdnI zs ®
) $IWI2Z
$3731d 00%
TEEATE
113 HOLIINNGD AVSILOW
a
‘@°'s| ¢r/o. DEYFTRY LIV
NN OLLAROEIO WOR | AN
SHNOIBIARY

® | N



I3 N0 * QIR (PUUOP ¢ ! INMHH

TimraeTaik 3’;:.&)0«*7&.# PXE 2‘?. oD vb ..J:..rm« Jm;% :nr\..,..a.'\rw-fk r. ?%w k .tﬂfﬂiturtrl 4 !3 m«!zf:c.-:.. 0 ..“-m\u..'

tg €N3@G D@ JIIII] €314 8¢
*tuoye2 @) IjU} VO Buypgyepn

pe0) semog WOIN

ST
=y
e

EI:.V__T

SDe0 28n04 MO

Iﬁlli:.

SpPOY 4004 9241314

B —\‘V

ﬁ nopup covucL.J ._,4._...50 unu—:.

y-€ Asoneg

y-€
403e |NOoy

i

. 4T A4nyeg

T

Y-z bY

1030 | NBay

—r—1

218 Iy

4

u-1 Asanavg

ﬂ

v-1 e

203¢ 00y

i

24 SH

1

syd awnN /sNarLisal Y osMa g

.azq

-

B

-

8-C Avssy
4% {0g

¥-¢ Aeasy
Je (o3

8- Aeisy
Jej08

\Q .ax

OE POOR QUALITY

ORIGINAL PAGE IS

E=-5



MAIN CONTROL ASSEMBLY

Drawing #PL849PABB1500

Item # Part # Description MFG
1 P-10 10.5" X 19" Panel Optima
2 W424-1050 Alphanumeric Display Cherry Electric
3 AM2-A3-A-10-2 Circuit Breaker Heinemann
4 APF2021S Line Filter Cornell-Dubilies
5 31-2111T AC Indicator Lamps Leecraft
6 31G3-2111T DC Indicator Lamps Leecraft
7 572-1321-
0804-040 Momentary Paddle Switch Dialight
8 572-1121-
0804-040 2 Position Paddle Switch Dialight
9 PAZ0O1 Rotary Switch Centralab
10 3-2-11-1-
4-3-0-1 Thumbwheel Switch C&K
11 RHO019,150 1% Current Limiting
Resistors ‘ Dale
12 RCO7GF201J 200,1/4 Volt Resistor 5% Allen-Bradley
13 Th-112-48L Lettering Set Tranfertech
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POWER SYSTEM - BOARD 1

Drawing {#/PL849PABB1610

Item # Part # Description MFG QTY
1 T4 Aluminum MMC 1
2 2/56 Screw NL Fasteners 4
3 Module 39 -

6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%,50W Resistor Dale 1
NH-50,27 ohm 1%,50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt,27ohm, 1% Resistor Dale 1
RCO7GF271J 1/4 Watt,270ohm,5% Resistor Allen-Bradley 1

Capton Tape 1

4 Module 48

6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
NH-5,330 ohm 1%, 5W Resistor Dale 3
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27ohm, 1% Dale 1
RCO7GF271J 1/4 Watt,270ohm, 5% Allen-Bradley 1

Capton Tape 1

5 Module 47 .

6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RH-50,50 ohm 1%, 5W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1

Capton Tape 1

E-/



POWER SYSTEM - BOARD 1
Con't

Drawing #PL849PABB1610

E-12

c-

Item # Part # Description MFG QTY
Module 46
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
NH-50,27 ohm 1%, 50W Resistor Dale 1
RH-5,40 ohms 1%, S5W, Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1
Module 45
6321 Solid State Relay Cryden 1
RH-5,1800hms 1%, 5W Resistor Dale 3
NH-50,140hms 1%, 50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1
Module 44
6321 Solid State Relay Cryden 1
NH-50,140hms 1%, SOW Resistor Dale 1
RH-50,500hms 1%, 50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N22224A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1



Item # Part #

10

11

12

13

POWER SYSTEM - BOARD 1

Con't

Drawing #PL849PABB1610

Description MFG QTY
Module 43
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5,270ohm 1%, 50W Resistor Dale 3
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1

Capton Tape 1
Module 42
6321 Solid State Relay 1
NH-50,14 ohm 1%, 50W Resistor 1
RH-10,150ochm 1%, 10W Resistor 1
TVA-1305.5 20VF, 50V Capacitor Sprague 1
2N6396 SCR 1
2N6039 Power Transistor 1
2N2222A Small Signal Transistor 1
RS2027 1 Watt, 27 ohm, 1% 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% 1

Capton Tape 1
Measurement Network
RH-5,1lohm 1%,5W Resistor Dale 2
RNC6507501F 7.5Kohm, 1% Resistor Dale 2
RNC65H2262FS 22.6Kohm, 1% Resistor Dale 2
30DTE1305 20nF Capacitor Sprague 2
72103 Terminal Blocks Vernitron 2
DB25S ‘D' Type, 25 Pin Female

Connector Ampherol 1

E-/3
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POWER SYSTEM - BOARD 2

Drawing #PL849PABB1620

E-/9

Item # Part # Description MFG QTY
T4 Aluminum MMC 1
2/56 Screw NL Fasteners 4
Module 38
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
NH-5,270ochm 1%, 50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1
Module 37
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
H-5,50 ohm 1%, 50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1
Module 36
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5,2000hm 1%, SW Resistor Dale 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1



POWER SYSTEM - BOARD 2

Con't

Drawing #PL849PABB1620

Item # Part # Description MFG QTY

6 Module 35
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
NH-50,270hm 1%, 50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1

7 Module 34
6321 Solid State Relay Cryden 1
RH-50,50 ohm 1%, 50W Resistor Dale 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1

8 Module 33
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RH-10,1000hm 1%, 10W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1

E- 20



POWER SYSTEM - BOARD 2

Con't

Drawing #PL849PABB1620

Item # Part # Description MFG QTY
9 Module 41
6321 Solid State Relay Cryden 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RH-25,16 ohm 1%, 25W Resistor Dale 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 1
RS2027 1 Watt, 27 ohm, 1% Dale 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% Allen-Bradley 1
Capton Tape 1
10 Module 40
6321 Solid State Relay 1
NH-50,14 ohm 1%, 50W Resistor 2
TVA-1305.5 20vF, 50V Capacitor Sprague 1
2N6396 SCR Motorola 1
2N6039 Power Transistor 1
2N2222A Small Signal Transistor 1
RS2027 1 Watt, 27 ohm, 1% 1
RCO7GF271J 1/4 Watt, 270 ohm, 5% 1
Capton Tape 1
11 Measurement Network
RH-5, 1%,5W Resistor Dale 2
RNC6507501F 7.5K ohm, 1% Resistor Dale 2
RNC65H2262FS 22.6K ohm, 1% Resistor Dale 2
30DTE1305 20vF Capacitor Sprague 2
12 72103 Terminal Blocks Vernitron 2
13 DB25S ‘D' Type, 25 Pin Female
Connector Ampherol 1
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Item # Part #

POWER SYSTEM - BOARD 3

Drawing #PL849PABB1630

Description MFG QTY
T4 Aluminum MMC 1
2/56 Screw NL Fasteners 4
Module 29
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J,
2000hm 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, 1% Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2
RH-5, .1 ohm 1%, 5W Resistor Dale 1
572-4820-
01-05-16 Terminal Post Midland-Ross 1
Capton Tape 1
Module 28
R10-E6-X2-
Vi85 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J,
200ohm 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, 1% Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2
RH-5, .1 ohm 1%, S5W Resistor Dale 1
572-4820-
01-05-16 Terminal Post Midland-Ross 1
Capton Tape 1



POWER SYSTEM - BOARD 3

Con't

Drawing #PL849PABB1630

Item # Part # Description MFG QTY
5 Module 27
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, Resistor Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2
572-4820-
01-05-16 Terminal Post Midland-Ross 1
Capton Tape 1
6 Module 26
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, Resistor Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2
572-4820-
01-05-16 Terminal Post Midland-Ross 1
Capton Tape 1
7 Module 25
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, Resistor Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2
572-4820-
01-05-16 Terminal Post Midland-Ross 1
Capton Tape 1




Item # Part #

10

11

12

POWER SYSTEM - BOARD 3

Con't

Drawing #PL849PABB1630

Description MFG QTY
Module 21
R10-E6-X2~
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, Resistor Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2

Capton Tape 1
Module 19
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J 1/4W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, Resistor Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2

Capton Tape 1
Module 20
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
NH-50,14 ohm 1%, 50W Resistor Dale 1
RCO7GF201J 1/6W, 5% Resistor Allen-Bradley 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
2N2222A Small Signal Transistor Motorola 2
RS2027 1W, 27 ohm, Resistor Dale 1
RCO7GF271J 270 ohm, 5%, 1/4W Allen-Bradley 2

Capton Tape 1
72103 Terminal Blocks Vernitron 3
DB25S ‘D' Type, 25 Pin Connector,

Female Amphenol 1

E-29
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POWER SYSTEM - BOARD &

Drawing {/PL849PABB1640

E-3§

Item # Part # Description MFG QTY
T4 Aluminum MMC 1
2/56 Screw NL Fasteners 4
Module 15
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-5, .lohm 1%, 5W Resistor Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL6121U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Resistor Dale 2
RNC65D7501F 7.5K ohm, 1% Resistor Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 17
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 5S0W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2



POWER SYSTEM
Con't

Drawing #PL849PABB1640

- BOARD 4

Item # Part # Description MFG QTY
5 Module 32

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, S50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr ‘Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2

6 Module 31

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield . 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 ' 1W, 27 ohm, 1% Dale 1
2N22224A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2

E-3¢




Item # Part #

POWER SYSTEM
Con't

Drawing {#PL849PABB1640

— BOARD 4

Description MFG QTY

Module 30

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, S% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 24

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2




POWER SYSTEM - BOARD &

Con't

Drawing {PL849PABB1640

Item # Part # Description MFG QTY
9 Module 23

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 iW, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 12 Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2

10 Module 22

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 iW, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
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Item # Part #

POWER SYSTEM

Drawing #PL849PABB1650

- BOARD 5

Description MFG QTY

T4 Aluminum MMC 1

2/56 Screw NL Fasteners 4
Module 16
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-5, .lohm 1%, 5W Resistor Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL6121U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Resistor Dale 2
RNC65D7501F 7.5K ohm, 1% Resistor Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 18
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
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Item # Part #

POWER SYSTEM
Con't

Drawing {/PL849PABB1650

~ BOARD 5

Description MFG QTY

Module 12

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, SOW Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 iW, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 14

6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-5, .lohm 1%, 5W Resistor Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
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POWER SYSTEM - BOARD 5
Con't

Drawing #PL849PABB1650

E-4¢

Item # Part # Description MFG QTY
Module 13
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% SW Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 i1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 8
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2




POWER SYSTEM
Con't

Drawing #PL849PABB1650

— BOARD 5

Item # Part # Description MFG QTY
9 Module 7
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, S0W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-S5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
10 Module 10
6321 Solid State Relay Cryden 1
RH~-50,14 ohm 1%, 50W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF2717J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1w, 27 -ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
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POWER SYSTEM - BOARD 6

Drawing #PL849PABB1660

Item # Part # Description MFG QTY
T4 Aluminum MMC 1
2/56 Screw NL Fasteners 4
Module 9
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
TVA-1305.5 20vF Capacitor Sprague 1
RH-5, .lohm 1%, 5W Resistor Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 1
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL6121U 120vF Capacitor Mallory 1
-RNC65H2262FS 22.6K ohm, 1% Resistor Dale 2
RNC65D7501F 7.5K ohm, 1% Resistor Dale 2
30DTE1305 20vF Capacitor Sprague 2
LKO513X103K .01 VF Capacitor Sprague 1
Module 11
R10-E6-X2-
V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2



POWER SYSTEM
Con't

—~ BOARD 6

Drawing #PL849PABB1660

E-S%

Item # Part # Description MFG QTY
Module 6
R10-E6-X2-
Vi85 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, S50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL6120 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 3
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1 -
RH-5, .lohm 1%, SW Resistor Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
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POWER SYSTEM
Con't

Drawing {#PL849PABB1660

- BOARD 6

Description MFG QTY

Module 5

R10-E6-X2-

V185 DPDT Relay Potter-Brumfield 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
Module 2

6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH~5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
RCO7GF471J 470, 1/4W Resitor Allen-Bradley 2
TLG121U 120VF Capacitor Mallory 1
1N3208 Diode Motorola 1
LK0O513X103K  .01VF Capacitor Sprague 1

E-5§



POWER SYSTEM - BOARD 6
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Drawing #PL849PABB1660

Item # Part # Description MFG QTY
9 Module 1
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF271J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N22224A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
CEO2W 33vF Capacitor RAYREX 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
RCO7GF&471J 470, 1/4W Resitor Allen-Bradley 2
TLG121U 120VF Capacitor Mallory 1
1N3208 Diode Motorola 1
LK0513X103K  .01VF Capacitor Sprague 1
10 Module &
6321 Solid State Relay Cryden 1
RH-50,14 ohm 1%, 50W Resistor Dale 1
RH-5, .1 ohm 1% 5W Resisotr Dale 2
RCO7GF2717J 1/4W, 5% Resistor Allen-Bradley 1
RS2027 1W, 27 ohm, 1% Dale 1
2N2222A Small Signal Transistor Motorola 2
2N6396 SCR Motorola 1
2N6039 Power Transistor Motorola 1
TL612U 120vF Capacitor Mallory 1
RNC65H2262FS 22.6K ohm, 1% Dale 2
RNC65D7501F 7.5K ohm, 1% Dale 2
30DTE1305 20vF Capacitor Sprague 2
RCO7GF471J 470, 1/4W Resitor Allen-Bradley 2
TLG121U 120VF Capacitor Mallory 1
1N3208 Diode Motorola 1
LK0O513X103K  .01VF Capacitor Sprague 1

E-§6
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Item # Part #

1 P-10

2 DRS-30

3

4 H-10

5 25CELL1414-0
6 KPSE06B-10-6S
7 8502-002

8 8502-010

9 86-12-312

10

11

12

13

14

15

16 17614C

BATTERY SYSTEM ASSEMBLY

Drawing #PL849PABB1700

Description

10.5" X 19" Panel
Drawer Slides

T4 Alluminum-3/16"
Set of Panel Handles
Battery Modules
Connector Blackshells
20 Guage wire-red

20 Guage wire-black
12 Volt Power Supply
Lugs

T4 Alumimun - 1/4"
##8/32 Bolts

#8/32 Nuts

##8 Lockwashers

##8 Flatwashers

Power' Cord

E-¢2

MFG

Optima
Optima

MMC Stock
Optima
Eagle-Pitcher
Amphenol
Belden
Belden

Sola-Electric

MMC Stock

NL Fasteners
NL Fasteners
NL Fasteners
NL Fasteners

Belden

26

26

26

26
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Item # Part #

10

11

12

13

14

15

16

17

18

19

20

P-10

DRS-30

H-10
HGMP-0280
MST-105E

572-1121-
0804-040

39TB3

9128050

849PABB1310

13P12RC

TH-112-48L

13R12BC

TCG121V

FAULT INSERTION ASSEMBLY

Drawing #PL849PABBI3OO

Description

10.5"x19" Panel
Drawer Slides

T4 Alumunimn 3/16"
Set of Panel Handles

Integrated Lamps

3 Position toggle switches

2 Position paddle switches

Terminal Barrier strip
Wiring Harness
Perforated Base

Wire Wrap Assemblies
12 Gauge wire - red
Terminal Lugs
Lettering set

#8/32 Bolts

##8/32 Nuts

##8 Lockwashers

##8 Flatwashers

12 Guage Wire - black

120 VF, 25V Capacitor

E-§9

MFG

Optima

Optima

MMC stock
Optima

Hewlett Packard

Leecraft

Dialight
Control Design
3M/Newark

MMC stock

MMC

Carol

Transfertech
NL Fasteners
NL Fasteners
NL Fasteners
NL Fasteners
Carol

Mallory

48

48

20

20

20

20
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Item # Part #

1 P10-White

MAP ASSEMBLY

Drawing {#PL849PABB1200

Description

10.5" X 19" Panel

E£79

MFG

Optima
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Item # Part #

1 G-319

VENTILLATION GRILLE

Description

10.5" X 19" Panel

MFG

Optima




Item # Part #

10

11

KD1-3.0

SU2A1

17614C

849PABB1110

849PABB1120

849PABB1130

P-10

VOLTAGE REGULATOR ASSEMBLY

Drawing # PL849PABB1100

Description

3AMP Circuit Breaker
FAN, 120 VAC

Power Cord

Voltage Regulator
Battery Protection
Supply Disconnection
10.5" X 19" Panel
#8/32 Bolts

#8/32 Nuts

##8 Lockwashers

##8 Flatwashers

E- g2

MFG

Heinemann
Sprite
Belden
MMC

MMC

MMC

Optima

20

20

20

20
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SINGLE ENDED DIFTERENTTAL FIN SINGELEENDED DIFFERESNTIAL Mera con
"7 e e Not Unedt > | Not Used Notlieg  SeMICI AT AaT e
l) Analog Retum Analog Retum 4 [CHO CH 0 H! s )
. 4 £ H 8 CHOLO ° Gar’ KY
'7 # |CH I CH | HI S
v 10 _JCHY CH 1 LO ‘hapt LY}
1" 12 |CH2 CH 2 HI S2
0" 14_|CH 10 CH2LO ‘Gwo’ k2
' 16 |CH3 CH 3 HI 55
0 18 JCH 11 CH3LO ‘4w ks
19 20 [cH4 CH 4 HI s 3
) 2 H12 CH 4 LO ‘a0’ %3
23 24 |CHS CH S Hl 356
24 26 [CH 13 CHSLO  ‘scup: (A
7 28 [CH6 CH 6 HI =7
) 3 JCH 14 CH6LO L a0’ kil
1l 32 |CH7? CH 7 HI s9
3 Y \ | J4_|CH 1S CHILO _ :qwo xS
3$ | Analog Retum Analog Retum 36 | Not Used Not Used
37 j Not Used Not Used 38 ! Not Used Not Used
» | Digital Common Digital Common 40 | Clock Out Clock Out .
4 42 | Ext. Trigger In Ext. Trigger In
"4 : 44 | EOC Suatus Out EOC Status Out
43 | Digital Common Digital Common 46 | EOS Status Out EOS Status Out
47 | Analog Retum Analog Return 48 | Analog Retum Analog Retum
9 | ISV -15v S0 | +1ISV +1sV
NOTE: '\6~0’ TS THE LocaL Gvb AT Tre sBuSoc
Al odd-sumbered pins (1. 3, . . . 49) are on component side of the board. Pin 1 is the right-most pin when viewed from the com-

—

poment side with the board extractors at the top.

Tahle 2.14 Analog Input Conucctor J2 Pin Assignments

"){Mo - & - Vel T ReE

HN SINGILE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL AR ED
1 | Not Used Not Used 2 | Not Used Not Used S ENI0R A aELaY o
3 | Analog Retumn Analog Retum 4] CHI6 CH 8 HI ss/c
b i A 61 CH 24 CHS8LO VD kio
7 8| CH 1?7 CH 9 HI £
¢ 10 | CH2s CH9LO Sons K2

1" 12 | CH 18 CH 10 HI sg

13 14 | CH 26 CHIOLO  ‘nap’ w8

13 16 | CH 19 CH 1T HI 3

:: 18 | CH 27 CHULO  veus K3

! 20 | CH 20 CH 12 HI s/ q

‘: 22 | cH 28 CH12LO ‘(o K1Y

3 24 [ CH 2 CHI3HI  si2__

o 26_| CH 29 CHI3LO ‘guo- K12

~ 28 | CH 22 CH 14 HI /6

3 30| CH 3 CH14LO  ‘Gwo’ Ky~

" Y ' 32| CH2 CH 15 HI s/e

35 | Analog Returm Anaion R 34 | CH3I CHISLO ‘awo kG

Sl i g Return 36 | Not Used Not Used

Y Not Used Not Used 38 A

o : o |

41 l 2 | |

“ | v \{ b Y Y

PR Usey Not Used 46 | Not Used Not Used

« :\""“R Retumn Analog Retum 44 | Analog Retum Not Used 6 ¢
.\(_,_’T‘ 1sv ~ 15V e <O . 1SV + 15V

Alt -.Ll.numt‘-rrd fins (1.}

™~

! ..'I'H’A' .‘,

ent (4
e with the bevied entracton at the top

£~83

I i Dot Conmectan 1S Poe Yoo

49} are on component aide of the board Pia 1is the npghtmost pin when viewed from the cam.




ORIGINAL PAGE IS

OF POOR QUALITY

;{,igm;')wb'.\ o

POARD -0 -

PR TN

A e

VO TAE”

N SINGLE INDED DIEERENTIAL PIN SINGLE ENDED . DIFERENTIAL MiAs LD
P B D BT TeP VR |
T e U Nt Unent > Not Ued Nt Lo SeNaden | AT RCLAT BT
. 1 Analog Retum 4 JCHO CH O HI s ;
: Analog Reium 3 H o s CH O 1O N K39 "
" X CH CH T HI 522 3
" 10 JCH9 CH 1| LO VN aip " AATICRY
" 12 [CH: CH 2 HI Sz3 '
5 14 CH 10 CH 2 LO N RAriery 2
s 16 [CH3 CH 3 HI T
.’, 1 _|CH 11 CH 3 LO VG’ sAMIRY
19 20 [CH 4 CH 4 HI S 19
a 2 [CH 12 CH 4 LO \Gap! . 3y
3 24 {CHS CH S HI 18 '
28 26 CH 13 CHSLO vV Gad! K <
%) 28 |CH6 CH 6 HI s> K
0 30 |CH 14 CH6LO Y 17
) 32 |CH7 CH 7 HI <~2¢
3 Y Y 34 JCH 1S CH7LO Vo and ! BoARD |
3 | Analog Retum Analog Retum 36 | Not Used Not Used
37 | Not Used Not Used 38 } Not Used Not Used
» | Digital Common Digital Common 40 | Clock Out Clock Out
41 42 | Ext. Trigger In Ext. Trigger In
' : 44 | EOC Suatus Out EOC Status Out
43 | Digital Common Digital Common 46 | EOS Status Out EOS Status Out
47 | Analog Retum Analog Returmn 48 | Analog Retum Analog Retum
© | -5V -15v S0 | +15V +15V
NOTE: Lewd' Te THE (ocsi  Gup AT TIE SEMSoR

AR odd-numbered pins (1, 3, . . . 49) arc on component side of the board. Pin 1 is the right-most pin when viewed from the com-
posent side with the board extractors at the lop. MO _ A0 CCNAECTT ou)

Tahle 2.14 Analog Inpu Connector J2 Pin Assignments

PIN SINGLE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL M ENGCD
I | Not Used Not Used 2 [ Not Used Not Used SGMax | AT guiv 1
3 | Analog Retum Analog Retumn 4 | CH 16 CH 8 HI
S R \ 6| CH24 CH8LO NC
7 8| CH1? CH 9 HI
° 10 | CH 25 CH9LO
" 12| CH 18 CH 10 HI
1 14 | CH 26 CH 10 LO
13 - 16 | CH 19 CH (T HI
:: 18 | CH27 CH 11 LO
. 20 CH 20 CH 12 HI
;; 21 CHM CH 12 L0
: 24 CH 21 CH 13 HI -
:7 26 | CH 29 CH 13 LO
:*a 28 | CH 22 CH 14 H!
;l 30 1 CH 30 CH 14 LO
» Y Y RICH2B CH 1S Hi
35 | Aatog & 34 | CH I CH 15 LO
v | og Retum Analog Retum 36 | Not Used Not Used
o | o Used Not Used I8 T A Y
al ot . “ |
4\ ; a2 | !
| Not Uey N \J M Y \j
o _ Not Used 6 Not Used Not Used B J_
o A':‘\"\‘L Retum Analog Retum 43 Analog Retum Not Used
.\(.;!T A ALY L SO | e sV EYY
Allva
i~ _L_ ':, m;m'"."" pins (L X0 39) are on compaonent side of the board Pria 1as the nght-mose pin when viewed from the com-
M wath the baard extracton at the top £ 8’6"
Pabde 215 Vonidors Lopnet Commiecton 13 Pog Assizions




ORIGINAL PpAGE 15

Dy~
f}(‘/\‘ﬂ-p" > - CURRCWT

N SINGLE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL MEXLLED
1 | Not Used Not Used 2 {Not Used Not Used

y | Analog Retum Analog Retum 4 ICHO CH 0 HI SY + K

[} 6 |[CHS CHOLO Sy - Y

-s, 8 [CHI CH | HI T~ K
9 10 |CHO CH 1 LO =) = J
" 12 |CH2 CH 2 HI s -

1 14 _|CH 10 CH2LO sz - w2
s 16 [CH3 CH 3 HI SE + _
1 18 _|CH 11 CH3LO s6— ks
19 20 |CH4 CH 4 HI 3 -

2 24 |CHS CH S HI 3¢+ ‘
258 26| CH 13 CHSLO 36 - K¢
17 28 |CH6 CH 6 HI S+

29 30 |CH |4 CH 6 LO S - ki
3 32 |CH? CH 7 HI 57 - <
» Y Y 34 _|CH1s CHILO _ so- 1
3 | Analog Retum Analog Retum 36 | Not Used Not Used -

37 | Not Used Not Used 38 | Not Used Not Used

» | Digital Common Digital Common 40 | Clock Out Clock Out

4 42 | Ext. Trigger In Ext. Trigger In

3] 44 | EOC Status Out EOC Status Out

43 | Digital Common Digital Common P ‘4.6 E_Q'SMS‘(\atus Out EOS Status Out

47 | Analog Retum Analog Retum TN Y Knalog Retur ' Anajog Retumn -

49 | -5V -1sv 50 { +15V -+15V

NOTE: + TS THE  SEASoe

All odd-numbered pins (1, 3, . . . 49) are on component side of the board. Pin 1 is the right-most pin when viewed from the com- ULSEST o
poment side with the board extractors at the top.

THE MuesR So.kca

for) -2 - Cpber
Tahle 2.14 Analog Input Connector J2 Pin Assignments
|
PIN SINGLE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL PeAsteD ,
I | Not Used __ Not Used 2 | Not Used Not Used IEMOL A RaAY B
3 | Analog Retum Analog Return 4| CHI8-. . CH 8 HI S0+
3 A A 6| CH24 CHELO 34 - S
7 8§ { CHI7 CH 9 HI sY +
9 10| CH2S - CH9LO s7 - 7
n 12 | CH 18 CH 10 HI S8 -
13 14 | CH 26 CHIOLO s@®&-— ks
IS 16 | CH 19 CHIlHl s3+ .
" 18 | CH 27 CHIILO s,z - k13 |
:" 20 | CH20 CHI2HL  s/4 +
;: 22 | CH28 CHI12L0 s/« - k1Y |
:; . 24 | CH 21 CH 13 HI siL + i
. 26 | CH 29 CHI3LO si> - k2 ‘
:v 28 | CH22 CH 14 HI SI18 +~
n 0| cH30 CH 1410 _S/8 - K18
1 Y v 32| CH2Y CH IS HI Sie +
" | CH 31 CHISLO s/6- K(¢
Analog Retumn Analog Return 36 | Not Used Not Used
37 | Not Used Not Used 38
)9 40
“ T 42
:; ' \ 44 Y
3 | Not Used Not Used 46 | Not Used Not Used 2.
< Analog Retum Analog Retum 48 | Anaiog Retum Not Used :
- ~isv - 15V S0 | +1ISV + 15V
NOTE
:‘:\;‘:""““mhﬂed pins(1,3,. . . 49) are on component side of the board. Pin | is the nght-most ptn when viewed from the com- ;
“de with the board extractors at the top. * !
E-95 1

Table 2.15 Analog Input Connector J3 Pine Assignments




~ A N

F oAl . uRRCHIT
SINGLE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL Mersoeen
N 9. 1t Y
Mot Used Not Used 2 | Nat Used NotUsed ~ SCABTE [ AT ReZAY T
Analog Rctum Analog Retum 4 ICHO CH 0 HI S2ir L
s 6_|CcHsS CHOLO <21 - 39
R [CH I CH | HI 22+
10 |[CH9 CH!LO 512~ DAamey |
12 |CH2 CH 2 HI 523+
14 |CH 10 CH2 WO s137 - gamerr 2
16 |CH3 CH 3 HI SLY 4+
18 JCH 1 CH 3 LO 2y~ BATIERY 3
20 |[CH4 CH 4 HI I9 +
22 |CH 12 CH 4 LO s\ K 3
24 |CHS CH 5 HI S5+
26 |[CH 1) CHSLO g5 - kKig
28 [CH6 CH &6 HI $17+
30 |CH 14 CH6LO siH-— [ ]
32 |CH7? CH 7 Hi c2er
Y v 34 _{CH IS CHILO $720- BoARp
Analog Retum Analog Retum 36 | Not Used Not Used
Not Used Not Used 38 | Not Used Not Used
Digital Common Digital Common 40 | Clock Out Clock Out '
42 | Ext. Trigger In Ext. Trigger In
. . 44. | EOC Suatus Out EOC Stuatus Out
Digital Common Digital Common 46 | EOS Status Out EOS Status Out
Analog Retum Anailog Return 48 | Analog Retum Analog Retum
-15v -15v 50 | +15V +15V

4 1S O St AOSTTIA (LOSES T THE AAVEX, SoucE
. AR odd-aumbered pins (1, 3, . . . 49) are on component side of the board. Pin | is the right-most pin when viewed from the com-
ponent side with the board extractors at the top.

; GBomRrp -3 - (Jelersr
- sy ), f 0y » -
o Table 2.14 Analog Input Conniec ’%ng Iin ASS,{,",_-','L\"L n’é‘mwccf@
PIN SINGLE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL
i ! | Not Used Not Used 2 | Not Used Not Used
3 | Analog Retum Analog Return 4| CH 16 CH 8 HI
X 3 N A 6 | CH24 CH8LO M<
: 7 8 [ CH1?7 CH 9 HI
- 9 10 | CH 25 CH9LO
3 n 12| CH 18 CH 10 HI
1 14 | CH26 CH 10 LO
13 16 | CH 19 CH I1 HI
1 18 | CH27 CH 11 LO
; 19 20 | CH 20 CH 12 HI
: 3; 22 | CH 28 CH 12 LO
: 2 s 24 | CH2 CH 13 HI -
2 9 6 | CH 29 CH 13 LO
» 28 | CH 22 CH 14 HI
3 ;' ! CH 30 CH 14 LO
% 3 v Y 2| CH2 CH IS HI
. § 35 | Anal CH 3 CH 15 LO
S og Retum Analog Retum 36 | Not Used Not Used
A Y Not Used Not Used 38
3 « T :(2)
R, sl v B3
a7 | 0 Used Not Used 46 | Not Used Not Used
g “ Analog Retum Analog Retum 48 Analog Retum Not Used
b ~a=Bv. -5V s0 | +1sv + 15V
\\ 'M‘ Tt
'f_,"." M- numbe ey pins(1,3,. . .49) are on compenent side of the board. Pin 1 is the Aght-maost pin when viewed from the com-

ORIGINAL PAGE IS §
OF POOR QUALITY §

¥ fmen
k" Mde with the hoard extractors at the top.

E-8¢

Table 2.15 Analoy Input Connector 13 Pin Assigionents




S &Wﬁ’

k3 n‘,n'
ng.o\&-:nmw -t:-»-A"«‘vw LAg Ry SERIRA

X 'h‘uﬂd-!r» ‘ .

j Jumper
" '.‘:i, > Voda . ,?;,!t-
T pone lnuu)nnu!lunun 9( Of 93 Q3
1M(20b.:sm~ptv“"' - fr9091 s :
oM (24 b WO and ey s

Lpva o

24 BITS (16MB)

ADDRESS

WORD , e — 20 BITS (1MB) —— -3

LENGTH B :;,~ :\;,_.,__‘; %_«.»Fi;;;!?z;i{; g CLENRT "'v . f1'smrs (64K B)
LOCATION lza]zz[nlzo 19[13]17]15 n]w[ sJ 8 ;ls]s s{3l2]1]o0
0 0 o0 o T 1 7 0 U V¥ 6 0 0 0 0 o0 T
BT n~ ©'® .30 & T a2 2 zeegezzgcze
NAME Q O 0 aee o Q 0 Q 0 a g 0o o 0 o
< < < < < < €'« €« <« < @ < < < < <
BUS CONNECTION L N R T R LR S e e Y T R T R R
PIN # B8 ] & 38 S8 T332 8 498 n

T A TLA
CONNECTOR !A — P2 P1

Fieure 2.0 \Icmor\' Address Assienment

NC [ o +5V (1) NC | o 17 [+ 5V)
ADD&S S ADR4 | O— ADRF AD11 o | NC
ADRS o— ADRE AD10 AD13
SURAERS ADR6 | o—¢ ADRD (GND} 0" | o— AD12
ADR7 0_1[ ADRC ADAPTOR X2
ADRB | o— —o0 | ADRA .
NC | o— —o | aore ve (o —o | "1 (s5v)
GND 0" | O————d—0 | ADRS AD15 | o— o | NC
ADAPTOR X1 AD1: | o— —o | ADY?
{GND} 0" | o— —o | aD1s
, , ADAPTOR X3
‘._.("..;q._‘,‘ S .

F:gun: 2.2 RTI-711732 Jumper Biocks
[ ,n&‘.'(.'
29 MULTIPLEXER CO\FIGL'RATJO\
The multipleaer can .nuommodwu Io singiceonded o 8 dierential imput channels,

and can be expanded to accommodate an additional 1o singic-ended or S diliereniial

input channels as described in paragraph 217 The RTL711 - 2 boards are shipped
with jumpers configured for singic-endod channel operatton s shown in Fieure
Sl direrennod Channel s e - i : LT s -
Tetea o baziae A T wmpers s T SR ST AT

i praciice Reep the mimpers as short oo e, -
ORIGINAL PAGE IS ,
OF POOR: QUALITY, . ..

S EATE G e TR

et




N N NPy 2’? ; ey ol %2 ' o~ ,';" o ’f'};g-'-? i
. A -,\ddn.ssablc. .\lc_ ‘ - il S Y T L S
(bytes) ~i Jumpc . . s ol
] A - v T Mo “~_‘. ..-:‘A et
64K (16 bitsy | 1“#?‘ ' ﬁum !mnunnull(m(m 90 °| 9’ ul) A

IM(20bits) + l "'\90-9!

-t

i Y- S and Y253

(O or fa\ .

~24 BITS (16M8)

ADDRESS — ‘
WORD — 20 BITS (1MB) -l
LENGTH ] )
: 16 BITS (64KB) ——-.3
o 2 s ) ' ‘
T
LOCATION [zs]zz szzo 19 18]17116 15114113]12 11]10]9[3 7{efs]afaf2]1] o]
o J o 0 .

- - - - - - - - -4 -4 -4 £ & < - 4 -4 -4 g < -4 [- 2 - 4 -4

NAME 8 &8 0 0 0 200060 QQ 0 B00O0O o066 ¢c oo a8 6 8 8

.. < €« €@ € €« € @ ¢« €« € €« €« &« €« < « d « € €« & < g «
o BUS CONNECTION T T roo [T T SR N T R [ I too 1 ! v
PIN # A8 38 3 8232832 ¢ ¥R L2322 dnz20emn a &7
‘ CONNECTOR |s P2 —tf e P1 _-I

Figure 2.0 Memory Address Assignmen:

NC | o -5V (717} NIC 1 (+5V)
ADR4 ADRF AD11 NC
ADRS CZ ADRE AD10 AD13
ADR6 ADRD (GND) 0" AD12
ADR? L—o ADRC
ADRB ADRA
A o NC 1 (+5V)
Do ) | DRS AD1S NC
ADAPTOR X1 AD1e AD17
ORIGINBI‘ PAGE IS {GND) "0 AD16
— OF, POOR QUALITY oy

Figure 2.2 RTI-711 7.3.’ Juugy[_ Blm Ls

29 MULTIPLENER CONFIGURATION — — ¥2707 , R W
The mualtipleser can accammodate 18 single-ended or § X dierential mput ghanncls_

ndl

and can be evpanded to accommodate an addirional lo ;m:u-gnuu. or & dszcn:

» -
input channels as described in p'\mznph A7 Thg RTI 71173 32 boards are <h1ppcd

‘ X ‘

. with jumpers conticured b singic-ended channel np-.m'mn as shown in Figure
‘ B Y L L T SR SRR DY RO ITT PO S S PR PO LU TRrS SO S T ONIOT N SRR S § S PRI SLT L VAT RN E R TE RN

e begen o IO T s o barting DO et Llsiiac e Dol ity

[ S

1t e tee Reets the smipers s siert as nessenig




kA

ORIGINAL PAGE IS
OF POOR QUALITY,

Addressable Memory Range !
thy tesy i Jumpecer

o-RNtle s
IN (20 b
I\’\\l\:';

Syt

T

NUNCNOCONNECTIGEL G Y 91 WS

(S

| 90-91

RIS

Famd 2.y

Tu' /.'..&

23 Veinon R\ﬁn;"c;’ump.-rs

Example:
Figure 2.2 shows how o coniigur
Note that each of the address
0 or =3\ ‘;
| — -
ADDRESS 24 BITS (16MB)
WORD g 20 BITS (1MB) -
LENGTH l
— 16 BITS (64KB)
o ~ = o
LOCATION bslzz[za]zo]w[w 17]16 15]14f13]12] 1 wfs]sl7]6]s]s SEIE o
{ ¢ 00 o0 0 [ 5 0 6T &
BIT quoﬁe!ni.’-getfléz;o<m=~gmvn~—o
Y EEEEEEEEEEEEEEE
NAMEooaoooooocoooocccoocccoo
<<<<¢<<<<<(«<<<<<<<<<<<<
BUS CONNECY’ON 1 ' ) ) 1 0 1 ! ] 1 [ ] ' [} t t . ; ! ' 1 ' t [}
PIN # 33333:3239993'3332.:;333333
CONNECTOR | P2 i P1 -
Frovre 201 Memon Address Assignmen:
N'C [} <5V (1) N/IC
ADR4 O~y ADRF AD11
ADRS O—A] ADRE AD10
ADRS6 O—e ADRD {GND} "0~
ADR? O ADRC PTOR
ADRB °_j~7"_° ADRA ADAPTOR x2
NC o— AL-o ADR9 NG r l SR
GND "0 O—~————=—0 | ADRS AD1S ¢ | NC
ADAPTOR X1 AD1S ! O —0 i anD17
(GND) o { O —0 } AD16
ADAPTOR X3
Figrre 2.2 RT1-T:1 732 Juniper Bl i
2w MULTIPLENER CONFIGURATION
The multmicn et can wecoiinogate e senglecnded v N S0l DL it Ciaineds,
and can be evnanacd toaccommodate an additioned 1o ST e R e rentil

put chanacks as descniived paragraph 2007 The RTETUD "3 Sii b e stpped
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